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EXECUTIVE SU>'^1ARY 



This executive summary is the first section of the final report of 
the evaluation o£ the ATS--1 medical communication system in Alaska 
performed by a Stanford University team. The second section (Chapters I 
to 111) introduces the background of these studies and the 
sociogeographic setting and health situation of the Alaska natives. The 
third section (Chapters IV to X) presents the main research findings 
about both the aides-to-doctor and doctor-to-doctor exchanges, about 
use of the system for medical education, and about its social impact on 
Uush Alaska. A fourth section (Chapter XI to XII) Is devoted to a cost 
analysis of alternative systems and recommendations. The attachments 
(charts, tables, data gathering Instruments, etc.) comprise a fifth 
section. 

Social Geo graphy (See Chapter II): 

Alaska has 16 percent of the total area of the U. S. but only 0.15 
percent of the population. Of the total population (about 300»000) 20 
percent (about 60,000) are natives (Eskimo, Indian, or Aleut). Their 
socioeconomic development has been strongly influenced by their physical 
environment: the severe cold, the frozen subsoil (permafrost), and 
the light cycle of summer midnight sun and winter darkness. (Ch. 
IJ.A.l) The natural food resources have been reduced by ecological 
changes, and most food supply is imported. (Ch. II. A. 1) The cost of 
living and doing business is higher in Alaska than in ^'the lower 48." 
(Ch. II. A. 2) 

Alaska may be considered as two distinct entities: the urbanized 
areas (Anchorage, Fairbanks, Juneau and connecting lands) which are 



predonjinatoly white, and the rest of the territory, Bush Alaska, which 
Is predominantly native. A century ago ihe native population vas 
several times larger than it U today. (Ch. iI.A.2) 

The passage from a well-knit social organization with economic 
self-sufficiency and strong religious and cultural bonds, to a depend<t2nt 
economy, supported mainly by outside resources (military, welfare, 
education and health care funds) has caused an imbalance which is 
reflected in the sanitation and health conditions. The influx of 
machinery and people caused by the discovery of gas, oil, and minerals 
has increased that imbalance. Now the Land Claims settlement has 
provided a financial base to native people. Increases in personal 
income, inmiigrant population, and state government revenues are also 
expected from the exploitation of gas and oil. 

Migration to the cities and disruption of the life In the vlJlaees 
has been the main consequence of the imbalance of the cultural exchange* 
New trends are appearing, both in the decrease in the rate of migration 
away from the villages and in the increase in the participation of the 
natives in their own governtnent (Local and Regional Councils and 
Regional Corporations). 

Transportation ; Modern ground transportation is minimal. 
Except for a few villages, access is possible only by air, or 
seasonally by boat or snowmobile. (Ch. II.B.l) 

Communication ; 102 of the 180 native villages (popu- 
lation 25 to 1000) have no reliable telephone service; most of these 
rely on high frequency two-way radio. Two-thirds of all villages have 
no access to television, either live or taped. (Ch. 11. B. 2) 
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Health Situation in VillaRe Alaaka (See Chapter III): In the 
early 1950* s Alaska natives were the victims of sickness, crippling 
conditions, and premature deaths at a rate far in excess of the rest of 
North Americai The main problems were tuberculosis, maternal and child 
health, mental health, environmental and dental health. An inadequate 
health care system existed. By 1972 tuberculosis was under reasonable 
control and deaths from infectious diseases and infant mortality were 
reduced to near the average U. S. level. On the other hand, new 
problems have arisen, related to sociobehavioral clrcvimstances : 
increased rates of death from alcoholism, suicides and homicides, and 
the growing importance of the number pf admissions to hospitals caused 
by accidents, psychological disorders and abortions. Since the 1950^s 
there has been a dramatic reduction in infectious diseases, but this 
Improvement has been in part erased by an increase in socioenvironmental 
related problems and mental health diseases. (Ch, III. A) 

Hosp i talization trends ; Between 1960 and 1972 there was 
an increase in the number of outpatient visits by natives but a stable 
rate for Inpatients. The sharp reduction achieved In the average length 
of stay is considered an important advance. Main causes of 
hospitalizations were accidents, delivery, otitis media, and 
psychological disorders. (Ch. III.B) 

Vital trends : Both birth and death rates have decreased in 
the past ten years. The birth rate of 3.2 percent in 1971 was 1.8 tiroes 
the U. S. rate. Accidents are the leading cause of death among Alaska 
natives. Life expectancy at birth for the Alaska native born during 
1959-1961 was 60.4 years, compared to the U. S. average of 69.7 years. 
(Ch. III.C) 
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Hlgh priority health problems ; It is harder to confront these 
new problems than the strictly 'Wdlcal" diseases* Mental disorders, 
alcoholism^ drug use, homicides and suicides, venereal diseases, and 
otitis media are considered priorities by the AANHS, as well as 
envTronmental problems such as inadequate water supply, sanitation, and 
housing. (Ch. III.D) 

Delivery System Organization : Multiple agencies and 
services plus the private sector provide health care* The Alaska Aroc 
Native Health Service (AANHS) which is part of the Indian Health Service 
Is the main health care provider. It is suppleniented or overlapped by: 
Medicare, Medicaid, the Alaska State Department of Health, the Office of 
Economic Opportunity, and the local autonomous health bodies at the 
borough level. Coordination problems are reported. (Ch* IIJ.E) Native 
organisations are increasing their direct participation in the 
organization of the health care. The Alaska health delivery system may 
be compared with the system used by the Canadian Government, in which 
most remote native communities in the Canadian North are provided with a 
resident nurse and a nursing station which consists of a clinic, a few 
beds, and living quarters. Dr. Sixten S. R« Haraldson of the World 
Health Organi?,ation notes that Alaska spends about $700 on health care 
per Eskimo per year to cover all health costs, whereas Canada spends 
$740 to cover 60 percent of costs. "Canada seems to be spending more 
and getting less." He feels that using trained native health aides is 
the cheapest way to raise the standard of service in remote areas. 
(Haraldson, i973b) Other health care professionals point out that the 
Alaska system is fragmented while the Canadian one is unified and better 
planned. 
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the ATS-1 ExperlTTient — Bac kgro und and Purposes (See Cliapter IV): 

During the summer of 1971, ground stations were installed at 26 
cotmnunltles in Alaska for twoway audio communication via the NASA 
ATS-1 experimental satellite. Nine of these stations were located in 
villages in the Tanana Service Unit which are served by native health 
aides. Other ground stations in the Unit were installed at the Tanana 
hospital and Fort Yukon where there is a nurse. Ground stations were 
also located at the Alaska Native Medical Center (ANMC) in Anchorage 
and in 13 other communities, most of which had doctors. The Alaska 
control station (Minltrack) is at the University of Alaska In College, 
near Fairbanks, (Ch. IV. A) 

The primary use of the ATS-1 network has been for a dally doctor 
call between the doctor at Tanana and the remote health aides In the 
Tanana Service Unit. In 1973, six ground stations were moved from other 
sites where they had received little use to other villages In the Tanana 
Service Unit. (See Attachment IV, 1) 

Technical Evaluation of Satellite System Performance (See Chapter V) : 

Medical communication : Statistics were gathered for 
the year before and the two years after satellite use began both for the 
villages where satellite radio was Installed and for a control group of 
villages with HF radio communication only. (Ch. V.A) In the "satellite, 
villages" there was an Increase of about 500 percent in the number of 
contacts completed and AOO percent in the number of health 
alde-^to^doctor consultations about patients. Both figures are 
statistically significant. (Ch. V.D; Ch. VI,A) 
One Typical Year of Doctor Call~1973 (See Chapter V) : 

The central figures for the system performance for 1973, a 



year in which the satellite system was already a fact of lifr 
for « iie JoitDrs ami par: ici^irit: Ing villages ar*'' aj; foJlows: 

C ontacis compU led ; A uo^tor at Tanana attempted to contact 
the health aide at each village every day* For the average 
village I contact was nade on 86 percent of the days, (Ch. V.G.2.a.) 

The quality of th e tgnal : For signal strength > 
University of Alaska monitors rated 84 percent of the 3,225 trans- 
nissions analyzed In the top category on a five-point scale. ]A perc«Mil 
were placed in the second highest category. For intelligibility, 62 
percent were rated in the top category and 33 percent in the second on n 
five-point scale. (Ch. V.G.2.d) 
Heal th Aide - to-Doc tor Content (See Chapter VI. A): 

The analysis of the exchanges during a full typical year of operation 
(1973) shows the following results. 
Positive traffic ; 

In 67 percent of the possible contacts there were patient consultations 
and/or administrative matters to exchange. Thus in about two out of 
three days the average health aide had medical content to discuss. (Cli. 
V.G.2.b) 

Patient-consultations ; Sampling one health aide's 
records suggests that radio consultation is sought in two- thirds of the 
cases seen by the health aide. In 1973 the health aides in the 13 
villages made about 3,000 radio consultations, which amounts to 2.C 
radio consultations p'^r person annually, or around 10.6 radio 
consultations per average family. (Ch. V.A,2,b) Winter and suriner 
months have a higher number of patient consultations than spring and 
fall months. (Ch. VI.A,2.c) 
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Admlnlstratlve matters ; Each village discusses an average of 
281 Items per year (supplies, drug questions, Inquiries about trans- 
portation and whereabouts of traveling medical personnel). (Ch. VI.A.2.d) 

Time elapsed ; The average village contact takes 4.3 minutes, 
an average of about nine minutes per person annually. 72 percent of the 
time was used for patient consultations and 27 percent for 
administrative matters. The average patient consultation requires three 
minutes and each administrative matter, one minute. Weekend contacts 
take about half of the time of the weekday ones. (Ch. VI.A.2.e) 

The patients ; Radio encounters refer to native 
patients of all ages. 22 percent of the cases concern children less 
than four years old, reflecting the high Infant morbidity. (Ch. VI.A.A.c) 

The diagnoses ; The most frequent diagnoses were respiratory 
diseases, ill-defined symptoms, skin difficulties, ear problems and 
accidents. (Ch. VI.A.A.d) Only one-half of one percent were considered 
by the doctor to be very severe and complex. Two-thirds of them were 
considered in the middle category of ''evaluation of a minor symp- 
tomatic problem with some risk of complication.'' Conditions involving 
the ear, circulatory system, accidents and genitourinary were rated as 
more severe than other conditions. (Ch. VI.A.A.e) 

Management plan ; In half of the cases the doctor believed 
that the health aide had planned, or could have planned correctly 
using his or her own Judgment. Of the remaining cases, 20 percent 
required minor changes and 30 percent major changes. The best 
peiformance in this respect among the health aides was very close to the 
average rate obtained by the two registered nurses over the same system. 
(Ch* VI.A.4.f) 
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Predicted effects on the o utcome ; Definite and marked 
effeclG of the radio consultation on the outcome were predicted for ti;ore 
than 75 percent of each of the four highest categories of severity. 
(Ch. Vl.A.^.g) These data require external validation due to the 
subjective factors involved. For internal reliability, see Chapter 
VI.A.A.b. 

Travel authorizations : No clear relation between improved 
communication and ''number of travel authorizations*' was 
established, (Ch. VI,A.5) 

Emergency calls ; This feature of the system has shown its 
value and reliability where imraediate coimiiunication was necessary either 
for urgent advice or a travel request. During 1973 there were 45 
emergency calls, some involving more than one patient. (Ch. VI. A. 3) 
The Health Aides (See Chapter VLB): 

A typical health aide equipped with a satellite radio makes 309 
contacts per year, including 250 patient consultations and 281 
administrative matters. (Ch. VI. B. 2) In an average month, with normally 
20 patient radio consultations, fourteen refer to acute problems, four 
to acute follow-ups, and two to chronic management. Meanwhile the 
health aides at the non-satellite villages in the region consult by lir 
radio on less than two cases in an average month. 

In three out of four cases, one radio consultation was enough to 
handle the case. In the other fourth, follow-up discussions were 
required, Otitis media, respiratory and dermatologlcal problems were 
the conditions in wh^ch the health aide relied more on the doctor- 
consultation. On the other hand, with gastro-intestinal problems for 
Instance, management was accomplished more independently, They also 
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consulted more often about thorapies involving antimicrobials, 
antibiotics and sedatives thanN^bout analgesics, anl i liiiilamliios , and 
tiploals* 

The response of the health aides at the satellite villages, in 
contrast to those at villages supplied^with HF radio, show that in the 
former there was no difficulty at any time understanding the 
instructions > and that it was more frequently possible to consult with 
the doctor before beginning treatment ♦ Frequent communication with 
the doctor seemed to increase the health aides' ability to persuade 
the patients to follow their advice. 

Health Aide Education via Satellite (See Chapter VII): 

The opportunity offered by the satellite to listen to exchanges 
between other health aides and the doctor appears to be very important 
both for morale and for continued learning. The learning results 
suggest that the health aides with the chance to listen to medical 
traffic daily had a higher learning than aides in non-satellite villages 
for the first few months, but quickly reached a plateau after which 
incremental learning was slight. (Ch. VII. C) 
Effects on Hospitalization Rates (See Chapter VI. C): 

The trend before and after satellite radio Installation shows no sig- 
nificant change, and shows stability in the number of patients admitted to 
the IHS hospitals from satellite villages, (Ch. Vl.f:,3) However, wlUle 
the figures for the satellite villages remain stable, the number of p;*- 
tients hospitalized in native facilities from the non-satellite groups of 
villages dropped 42 percent from FY 1972 to FY 1973. An hypothesis is 
suggested: many patients in non-satellite villages could have switched 
to Medicare-Medicaid supported private services, an option introduced to 
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the natives la 1972. It may be that improved teleconimunication has 
resulted in higher acceptability of the PliS systom niid prolcroncc for 
lt.| when tho choice of private services in available on an oqunJ rosi 
(or no~cost) basis. Some alternative causal hypothe^ei? were discarded. 

The data for effects on the average length of stay at the hospitai 
show overall superior trends for the satellite villages at each hos-- 
pital. In the Tanana Hospital, where the less complex cases are 
treated, the average length of stay has increased in the four-^year 
period between 1970 and 1973 (pre- and post-satellite). However » the 
increase was smaller for patients froic satellite villages. At the ANMC, 
where the more complex cases are treated, the average length of stay ha,s 
been reduced. Here the reduction was bigger for patients from satellite 
villages. In both cases the average length of stay is lower for 
satellite villages than for non-satellite ones. 
Conclusi o ns (See Chapter VI. D): 

Additional data and analyses now make us conclude that health care 
in general has improved as a result of satellite radio communication. 
Indicators of improvement in professionalism and supervision, efficacy 
in emergency cases, inferred effect on outcomes, consumer acceptance, 
and adherence to the system have been shown through the analyses. 
Doctor-to-Doctor Consultation (See Chapter IX) : 

Data about satellite radio consultation between the remote doctor at 
the Pribilof Islands and his specialist colleagues at the Anchorage 
Native Medical Center show that: 

-The communication link was used on two-thirds of the 
days in the period under analysis. (Ch. VIII. C.l) 
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-In an average month there were six patient consultations 
and about fifty administrative exchanges » using an average of eight 
minutes per day of satellite time. (Ch. VIII. C*l) 

-The average time elapsed in a patient consultation was six 
minutes, and three minutes for each administrative matter. 
(Ch. VIII. C.l) 

-The annual rate of consultation is about 130 per thou- 
sand population« 

-Transfer of the patient and/or change of treatment 
were the typical results of the consultation. (Ch. VIII. C. 5) 

-In the remote doctor's opinion, in most cases neither facsimil^^, 
ECG, nor audio-visual transmission would have materially improved the 
consultation. In 20 percent of the instances, however, the consultant 
considered the latter feature would have been valuable* (Ch* VIII. C. 5) 

-Most of the consultations referred to moderately severe prob- 
lems. They were considered necessary but not pressing enough to 
make a delay of a few days to one week in the consultation result 
in predicted significant deterioration. (Ch. VIII. C. 2) 
Evaluation of Nurse Education (See Chapter IX): 

A three-month course for nurses on coronary care was held once per 
week over ATS-1. The results were compared with results of classroom 
courses with similar goals, curriculum, and type of students taught at 
the Bellevue Community College in Washington. Difference scores for 
well standardized pre- and post-tests show that the satellite group at 
Alaska performed similarly to the classroom groups from Bellevue on both 
pre- and post-tests. An approximate 20 percent rate of improvement is 
notedt The student^: found the course content and material valuable, but 
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nost indicated that there were some difficulties with the rndio 
tran«nlssion. These difficulties did not affect perforn^ancc ou f.ostR f f 
knowledge of the subject t^atter^ Tl;e nurses indicated intert»st Jn 
additional courses » 

Social Impact of Reliable Communication for Bush Alaska (See Chapter >:) : 
Several social effects have been detected: 

Fn tiiily-pat ient contact ; The satellite enables families in the 
villages to get news about friends aud relatives at the hospital. 
Previously, getting news was often very difficult. (Ch. X.A) 

Access : It was found to be important to have the radio 
transceiver located In the health aide's home. This decreases the 
physical and sociopsychological barriers to reaching the transceiver, 
increasing the number of contacts. Increased self-confidence was 
expressed by the health aides using improved telecommunications. It was 
also noted that patients felt reassured knowing that their treatment 
was checked with doctors. 

Evaluating Future Communication Systems (See Chapter XI): 

Future systems to provide health communications services to 
Alaskan villages were assessed. A computer optimization program 
identified a small station configuration (10-foot diameter antenna) as 
least costly foe Alaskan rural voice communications. As the health 
delivery system will need only part of the capacity, that cost can be 
shared with other agencies and with paid telephone services. An 
analysis of RCA's plans for Alaska telecommunications is Included. 
Recommendations (See Chapter XII): 

Several recommendations are made for Improving health care 
organization and delivery, and for further research. 

O 
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CHAPTER I 

GENERAL INTRODUCTION 

I. A. BACKGROUND 

The native villages in Alaska have their primary health care 
delivered by health aides who are fellow villagers, backed by Public 
Health Service physicians at the regional hospitals* These remote 
communities, in most cases without any ground transportation, must 
rely upon telecommunication for medical support (consultations, 
emergencies, ordering supplies, and patient transfer requests). Most 
rely on high frequency two-way radios. However, auroral interference in 
the short wave bands makes HF communication unreliable. 

As we will see later, life in the Alaskan villages has been subject 
to severe strains in recent years. To the known ecological challenges 
of the Arctic life, a cultural upheaval has been added* After World War 
II renewed interest in Alaska poured new people, goods, and institutions 
from the lower 48 states into the territory. With them the villages 
received new or improved services, especially in education and health 
care. This general change, added to by the discovery and exploitation 
of gas, oil, and minerals, threatened the basis of this delicate rural 
society, creating migratory trends to the cities, bringing in a massive 
influx of people and machinery, presenting to all generations 
conflicting values and life styles, and increasing the symptoms of 
maladjustment. On the other hand, the Natives reacted positively, 
organizing themselves to better defend their rights and take control 
over the institutions related to their lives. 
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Year--round jobs in most villages are few. More persons are 
unemployed or are seasonally employed than have permanent jobs. 
"Typically the opportunities are limited to positions 
such as school maintenance man, postmaster, airline sta- 
tion agent, village store manager, and possibly school 
cook or teacher aide* In these places, other adults gain 
income through the sale of furs, fish, or arts and crafts; 
find seasonal employment away from the villages as fire- 
fighters > cannery workers, or construction laborers; 
depend on welfare payments, make their National Guard 
Income stretch mightily; or, as is usually the case, 
(1) provide for the bulk of their food supply by fishing, 
hunting, trapping, and other activities of food gathering; 
and (2) rely upon a combination of means to obtain the 
cash needed for fuel, some food staples, and for tools and 
supplies necessary to the harvest of fish and wildlife. 
(Alaska Natives and the Land , 1968)" 

The villages are places of contrast. Airplanes are used by people 
who fish for subsistence; satellite radio transceivers are placed in 
houses where the heating comes from tnetal barrels transformed into 
fireplaces. Their culture faces a pressing dilemma: either these 
contrasts will be absorbed in a synthesis of the traditional and the 
modern and oriented to the full development of the potentialities of 
the Arctic people, or it will be the source of conflicts that can end 
the originality and values of their distinctive civilization. 
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In this sense, It Is of basic importance to supply the necessary 
social services to the population to achieve their primary goals (e.g. 
improving the health status of the Natives) without side effects that 
will increase the dependency of the community* 

The people need to communicate with other villages and cities, and 
have the right to decide what communication they would like to be 
exposed to. However, a concrete dependency on communication coming 
from the outside can introduce models and patterns of consumption that 
are unrelated to their village development. In the case of health care, 
this dilemma seems quite clear. On the one hand, the Natives need and 
want to profit from modern medicine and medical institutions. On the 
other hand, the geographical configuration of the villages allows 
neither the installation of fully equipped institutions in all sites nor 
the introduction of medical personnel alien to the culture. 
I.E. ORGANIZATION OF THIS REPORT 

This report has been organized in five sections: first , an 
executive summary that synthesizes the main findings; second > an 
introductory section that includes this chapter and an overview of 
the Alaska sociogeographic setting and the health situation of the 
Natives (Ch. I-III); third, presentation of the main research 
findings (Ch. IV-Xl)j and fourth, a set of recommendations based 
on these findings and other relevant research and experiences. 
A fifth section includes the attachments. 

Other major reports and articles produced as a part of the ATS-1 
Biomedical Communication Project Evaluation at Stanford University 
are listed among the bibliographic references. (See REFERENCES) 
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Cn/\P7hR II 

SOCIAi. C-EOCRAiUfY 

1 1. A, VtLUGE ALASKA 

Alaska occupies about 600,000 squere miles, or 16 percent of the 
total area of the United States. However, its total population in 1970 
was about 300,000, or 0.15 percent of the S. total. Approximately 
one-fifth (60,000) are natives* 
II..A.1. T he natural environment 

The tundra in the north and the taiga In the south, with the wild 
Brooks Range as a dividing line, are the main environmental features of 
the Alaskan geography. (This section does not refer to southeast Alaskn 
which is geographically distinct, being characterized by a more tern- 
petatc marine climate* heavy rainfall, tiountalnous terrain, and dense 
'onifcTous forests.) As a consequence, the socioeconomic development 
of Alaska is framed by some peculiar factors of this natural 
environment: the light cycle, creating short summers with midnight sun 
and long winter nights, affects the biological cycles of nature and 
human behavior; the severe cold during two^-thirds of the year, 
increasing the difficulties for human activities; the eternally frozen 
subsoil, permafrost, underlying 60 percent of the Alaska land mass. 
This inhibits the possibilities for excavation for cellars, cemeteries, 
wells> and pipelines. It also reduces the capacity to absorb sewage and 
drain water. Chemical and biological reactions and destruction are 
generally retarded at low temperatures, further complicating sewage 
and waste disposal. And as the ground underneath poorly insulated 
houses may not freeze even in winter, soil depressions that collect 
stagnant water under the houses are often formed. The natural food 
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resources, formerly in abundance from subsistence fishing and hunting, 
havo. been reduced by ecological changes resulting from the arrival of 
white people. Today the food resources are meager and the bulk of 
Alaska's food supply is imported. 
I I. A. 2* The Social Environment 

Today there are two social formations in the Alaska society* One Is 
the modern urban and relatively dense sector encompassing the three 
major urban centers, Anchorage, Fairbanks and Juneau, plus the strip 
parallel to the highway connecting Anchorage and Fairbanks; the other Is 
the vast of the territory, Bush Alaska, occupied by one-fifth of the 
population (density 0*1 person per square mile) in widely dispersed 
settlements and hamlets. For centuries the people In the bush have 
tried to survive, maintaining their delicate balance with nature while 
absorbing innovations from contacting cultures* A century ago the na-- 
tive population, the overwhelming majority at that time, was several 
times larger than It Is presently* (Lee, 1973) 

Three main aboriginal ethnic groups live In Alaska today: 27,000 
Eskimos, 18,000 Indians,* and 8,000 Aleuts. (Lee, 1973) (There are 
several Indian groups in Alaska — including the Athabascan, the Tlinglt, 
Haida, and Tslmshlan — and two major Eskimo peoples*) Their ancestors 
came from Siberia and the northern Pacific, dating back to the Stone 
Age* While the Athabascan moved inland and southward along the great 
rivers, harvesting the inland game and the rivers for subsistence, the 
Eskimo settled along the northern and western coastal regions, and 
lived primarily off the sea and estuaries. The Aleuts, kinsmen of the 
Eskimos, occupied the Aleutian Islands where the sea provided them 
adequate food, and where they enjoyed a warmer climate. From 1940 to 
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the present time, a dramatic cultural and economic sliift lia« tiikeii pJai'o 
among the native population, caused first by the military-related 
development of Alaska, and later by the discovery of minerals, pas and 
oil. These discoveries have made it profitable to extend Western 
civilization farther into Alaska, The nomadic and self-sufficient 
household components of the culture have been converted more and more 
into sedentary life and monetary economy. 

The passage from well-knit social organizations with economic 
self-sufficiency and strong religious and cultural support, to a 
dependent economy, supporter; by outside resources (military, welfare and 
education, health care funds) and with a monetary basis, has caused an 
Irrbalance which is reflected in the sanitation and health situations. 
(See Chapter III) 

Federal government activities have been the biggest contributor to 
Alaska economy since the beginning of World War II. In 1972, Federal 
outlays accounted for more than half of the State's economic base 
(Teleconsult, 1972). Exploitation of gat; and oil resources will 
likely become the chief factor of the Alftskau economy. The expected 
increases in personal income, population, and state government revenue^f? 
will undoubtedly change the Alaskan circumstances. Depending on the 
allocations of these resources, they can make a positive, neutral, ot 
negative impact on the present serious problems of the majority of the 
natives, whose levels of employment and income, school achievement, 
physical and mental health, longevity and almost every other 
conventional measure of personal and social welfare were substantially 
lower than those for non-native Alaskans, or for the United States 
population as a whole (Teleconsult, 1972). 
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Tho costs of living and doing business arc UipMcr hi Alnskn i\um ihv 
U. S. national average: distance, market scale and oliiiuitic 
contineencies are mainly responsible. Furthermore, in Fairbanks tlje 
cost of living hits lower incomes hardest: In 1971 it was 137 percent 
of the national average for higher level Incomes and 164 percent for 
lower level Incomes. (Teleconsult , 1972) 

Migration to the cities and disruption of the life in the villages 
has been the main consequence of the imbalance of the cultural 
exchange. However, new trends are appearing, both in the slowing of the 
tt)ir,ralory pattern away from the villages (although migration has not 
stopped]^ there is a new growth in the village population since the 
mid-sixties) and an upsurge of participation on the part of the natives 
in decision-making concerning their own lives and institutions. For 
example, the goal of the Tanana Service Unit of the Alaska Area Native 
Health Service (in its "Program for 1974" report) reads, "...to elevate 
the health f.tatus...to the highest possible level through active 
participation of native people." 
II. A. 3. Language 

There are eleven major linguistic areas in Alaska, with flfty--slx 
subdivisions. The widespread use of their native language and the 
avoidance of English, except for conversation with government people or 
other whites is common in much of village Alaska. However more than 
three out of four adult villagers were reported to speak and understand 
English well. ( Alaska Natives and the Land , 1968) As In other parts of 
the U. S., the school system is reducing the use of the native language 
among youth in favor of English, (Teleconsult , 1972) 
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I1,A.4. Geographic distribution 

Seventy percent of the natives Jive In predominantly native 
villages. Of that seventy percent^ three-fourths live in 167 native 
villages of less than five hundred population, mostly between 25 to 
200 persons, and most of the other fourth live In six major native 
centers (1,000 to 2,500 population), all of them on the coast. Most of 
those who do live in predominantly non-native areaa (30 percent of the 
total) live in the major urbanized areas* 

Migration both to large cities and large native towns is occurring. 
The number of natives in cities (Anchorage, Fairbanks, Juneau, Kodlak, 
Sitka), and in large native centers (Kotzebue, Bethel, Barrow) has 
tripled in the last twenty years. Migration to the "lower 48" goes 
unrecorded, but appears to be less than one percent annually. (Alaska 
Natives and the Land , 1968) 

However, as that same report indicates, "Villages are not vanishing 
from the scene today as is often assumed. There are twelve fewer 
separate native villages (with 25 or more population) than those 
indicated in the 1950 census, but more than 80 percent of the places 
which continue to exist are larger than they were seventeen years ago. 
More than half of these are growing more rapidly than the approximate 
rate of net natural increase. The aggregate population of native 
places today (1967) is a third larger than it was in 1950," 

The depopulation of village Alaska stopped in the mid-sixties, but 
not the migration to the urban centers. Considering the difficulty in 
foreca^^ting with confidence, a good generalization is that the native 
villages are not disappearing, and that migration out of the bush has 
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been considerably less than the natural Increase in native population, 
except In southeastern Alaska and along the highway system, 
(Teleconsult, 1972) 

Wliile it is possible to infer from past experience and similar cases 
that increased cultural contact with modern urban life (through outside 
controlled Western schools, raass Hiedia and travel) will increase the 
outflow from the villages, the resources and organization brought to 
the natives because of the Land Claims Act settlement may counter that 
trend to the extent that they are used to improve life in the villages 
and to increase self -government , 
II.A»5» Political organization 

Many villages in Alaska are organized for government 
only on a traditional basis. Others are chartered 
as cities under the Indian Reorganization Act, some are organized 
as cities under the laws of the State of Alaska, and a 
few have dual organizations. ( Alaska Natives and the Land , 
1968) 

There are now 12 regional corporations (profit-making, with 
Initial capital from Land Claims Act) and another 12 non-profit 
native associations in those regions. There is also a major state^ 
wide association: the Alaska Federation of Natives. The regional cor- 
porations were formed recently with the purpose of Implementing the 
general development of each region on the basis of the native interest. 
For that purpose, they were invested with the power of administra- 
tion of funds and rights that were recognized by the Land Claims 
Settlement Act In 1965. 



I I • A . 6 , Education 

There are two main systems of public elementary schools in vllJa^e 
Alaska: The State Operated Schools and those under the administration 
of the Bureau of Indian Affairs. Mqfst of the villages have one school. 
Some communities and regions are attempting to gain more local control 
of their schools through incorporation (e.g. Arctic Slope Borough 
School District, City of Galena). There are only a few secondary 
schools and technical schools in Alaskdi and most high school students 
living in the bush must temporarily live in boarding houses in the 
cities where the high school is located* 

Tv;o major universities provide higher education: the University ol 
Alaska at College, with several community colleges throughout the State, 
and the Alaska Methodist University, In both there is a small but 
growing proportion of Natives. 
II. B. CCMiUNICATIONS 
ir.B.l. Transportation 

The long distances, the scarcity of population and problems of the 
climate and terrain have reduced development of modern ground 
transportation in Alaska to a minimum. In 1970, about fifty thousand 
people lived in villages with no year-round ground transportation links 
with each other or with the rest of North America. Another fifty 
thousand lived on islands or mountain-ringed shorelines where they worf 
accessible mainly by the State marine highways, a system of ferries 
visiting each community dally to weekly. As the Alaska Natives and the 
l^and report indicates, only "a dozen native villages are on the 
State's limited road network. Two are on the route of the 540-mlle 
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Alaska Railroad, Access to the other 170 or so Is only by nir, or 
seasonally by boat, snowmobile, or dog team*'* 

In fall and spring, not all villages are accessible even by air. At. 
the A5 villages without airstrips (outside of southeastern Alaska) for 
several weeks during fall freeze-up float planes are prevented from 
landing on the rivers, and the several weeks of spring breakup prevent 
ski-equipped planes from landing on winter ice* At least two 
villages, Atka on the Aleutian Chain and St* George In the Prlbllof 
Islands, may only be visited by boat or float planes. Aii^strips in 
villages, where they exist, are usually gravel. 

In western Alaska, where most villages are located, sur- 
face-carried freight on ocean-going vessels arrives twice annually at 
the most, 

II»B,2. Telecommunlcat ions 

Isolation and distance between settlements, plus the rig- 
orous natural conditions. Increase the need for modern tele- 
communication in Bush Alaska* However, only 78 out of 180 native 
villages (population 25 to 1000) have commercial telephone service, 
either bush phone or regular commercial service* On the other hand, 
in the non-natlvej communities (also 25 to 1,000 population) 78 out of 
103 have telephone service* 
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TAbU ll-l Telephone Ser^ ice in the Vill ages 

Apriri974 
(Conimunlties of population 25 to 1000) 



With phone Without Total 

phone 



Predominantly 

native 78 102 180 

Predominantly 

non-native 78 25 103 \ 



156 127 283 



See Attachment II. 1 for these data tabulated by PHS Unit 



An official report says, "Not all the villages have ra-- 
dio transmitters and receivers, and even if they do, com- 
munication may be made uncertain by climatic conditions. 
And since most of the transmitters and receivers are in State 
or Federal schools, their use Is limited to official business 
and emergencies." ( Alaska Natives and the Land , 1968) 

With reference to the HF radio, the Teleconsult report says: 
"Many other (villages) having no telephone commun- 
ications rely on short wave radio for contact with the 
outside world. This is usually on a once-a-day sched- 
uled basis when eleven land radio stations, strategic- 
ally located around the State, meet schedules with vil- 
lage radio stations operated by the State or Federal 
school teachers. Public Health Service village aides, or 
some privately licensed radio stations in the villages. 
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Messages can be relayed through the land radio sta- 
tions for transmission over teletype circuits to other 
parts of the State or the country. Telephone phone 
patch calls are occasionally possible when radio sig- 
nals are strong. At tiroesi radio signals are so poor 
that Just getting a message through is difficult, if not 
Impossible, The service has not really had the use by 
the village general public that it could have, mostly be- 
cause of the difficulties involved with it. And, of 
course, there is no privacy whatsoever. Aside from the 
radio operators at each end of the circuit being Invol-- 
ved with the call, tuning ixi o(i the radio schedules by 
anyone with a standard shortwave radio is a popular 
pastime In the villages, and a substantial contribution 
to the famous Mukluk Telegraph." 
(This lack of privacy does not apply to the satellite radio systen^ where 
only the heal^h aides* sets can receive the satellite signal.) 

Most households have commercial radio broadcast receivers, generally 
battery operated. 

Only one-third of the communities with population 25 to 1,000 have 
access to a television signal, most of them because of their vicinity to 
the big cities or to Air Force translators. A few of them have ETV 
stations which are used to to broadcast mailed videotapes. A ftw have 
cable television systems for retransmission of mailed videotapes. Of 
the at least 200 that do not have television at all, 159 are 
predominantly native. (Table II-2) Even the Anchorage and Fairbanks 
stations depend on physically transported videotapes for their programs. 
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Only four TV programs seen in Alaska In 1973 were broadcast, live fron 
outsifJe Alaska. Economically viable TV interconnection with the rest 
of the U. S. awaits the start of U. S» domestic satellite service, 
(see Attachment II. 2 for table by PHS Unit) 



TABLE Il-i^ Television Service in the Villages 

April 1974 
(Communities of population 25 to 1000) 



No 1*V Direct TV with Air Force 

reception TV mailed tapes translator Uncertain 

Predominantly 

native 159 7 3 6 1 

Predominantly 

non-native 40 60 13 4 10 



Total 199 67 16 10 11 



CHAl^TER III 



HEALTH SITUATION IN ALASKA 

III. A. GENERAL SITUATION 

In a powerful paragraph the Medical Director of the Alaska 

Area Native Health Service summarizes the historic background of 

the present health situation in Native Alaska: 

"With him, the trader, the whaler and the miner brought 
the scourges of the times — the epidemic diseases of small- 
pox, influenza, measles, meningitis, and respiratory ill- 
nesses which decimated entire communities. Tuberculosis 
and venereal diseases were planted in virgin soil and 
thrived too well, the effects being present to this day. 
Increased mobility promoted the spread of these diseases. 
Alcohol, and the way to make it, was introduced* New 
food and eating habits fostering tooth decay and malnu- 
trition were adopted." (Lee, 1973) 

On top of that, the introduction to the bush culture of the market 
system without the creation of adequate employment, simultaneously 
with the imposition of foreign patterns of consumption of goods and 
services, has weakened the strength and vitality of the native 
population. 

In 1954, just before the U.S. Public Health Service assumed 
responsibility for providing health care to the native people, a study 
team produced a report generally referred to by the name of the team 
leader Dr. Thomas Parran. The Parran Report shows that Alaska natives 
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worc tho victims of sickness, crippling conditions nrul prematura 
doaths at a rate exceeded In few parts of the world. 

lliG r^aln problems presented were tuberculosis, maternal and chilii 
health, mental, environmental and dental health. Only an inadequate 
healtli care system existedt 

In .197?. The Alaska Area Native Health Service reported about thn 
advances achieved In those areas (Lee, 1973). Tuberculosis, which used 
to he. the cause of one-third of all the deaths, had been practically 
eradicated and was under reasonable control; deaths from infectious 
diseases other than TB, and diseases of pregnancy and childbirth, which 
v;ore ten times that of the U. S. whites in 1954, were only 1.5 times 
higher in 1972. Infant mortality was also reduced by impiovemcnt la 
delivery oonditions and medical care* In 1950 ten percent of the 
newborn dieii before the first birthday; that figure was three percent in 
1970. 

On the other hand, in the areas of raental liealth and dental 
health, while improvements have been achieved, parallel successes were 
not obtained. (Lee, 19/3) New problems have arisen. Tliese latter arc 
In general related to sociobehavioral circumstances, and are reflected 
in increased rates of death from alcoholism, suicides and homlcidct;, and 
In the increasing proportion of hospital admissions resulting from 
accidents, psychological disorders, and abortions. 
(Attachment III. 3) 
JII.B. HOSPITALIZATION TRENDS 

The general trend in hospitalization rates of native patients is 
toward an Increase in the number of outpatient visits (48 percent 
increase in absolute number from 1966 to 1970) against a rather stable 



-31- 



trend In the number of inpatient adpiissions (around ;]70/]0OU)» Hovcvot 
there was a sharp reduction in the average length of slay (avernpc ol 
19*3 days in 1966, 11*0 in 1972) • This reduction is considered an in- 
direct measure of progress of the system* (Leej 1973) Meanwhile the 
expansion in the number of outpatient visits is attributed to increases 
In primary prevention! secondary prevention through early diagnoses and 
treatment and maintenance care of those with chronic diseases* (Table 
III-l) 



Table TII--1 ALASKA NATIVE HEALTH SERVICE 



Direct and Contract Service Workload 



Fiscal Years 1966, 1972 



Fiscal Year 
1966 



Fiscal Year 
1972 



Change 



Admissions 12,697 
Inpatient days* 199,081 



U,481 
123,048 



+ 

- 38*2% 

- A3% 

+ 48*2% 



Avg* length of stay* 19*3 days 
Outpatient visits** 141,312 



11.0 days 
209,339 



Source; Office of Systems Development. AANHS 

* Does not include 'contract' hospitals 
** Increase partly due to redefinition of the scope of this 



activity 



In comparison with the U. S. rate, the number of native 
people admitted annually as Inpatients is more than twice 
as high {270/1000 vs 123/1000) • The main causes of hospital- 
ization In 1972 were, In this order: accidents, delivery, 
otitis wedia* psychological disorders, senility and ill-- 
defined conditions, diseases of the eye, pneumonia, diseases 
of the breast and female reproductive organs, diseases of 
tUt heart, and abortion. (Attachment III. 3) 
III.C. VITAL STATISTICS 

Both birth and death rates have dropped In the past ten 
years. The birth rate In 1971 was 32,4/1000 (A5/1000 In 
1962), or 1.8 times the U.S. rate. The death rate has dropped 
from 16.8/1000 In 1950 to 7.4/1000 In 1970, less than the IL 
rate (probably due In part to the high proportion of young people 
arrong thn total native population). (See Attachment III.l) 
The comparison of U. S, /Alaska rates has not been adjusted by age. 

Ml overall analysis of the causes of death In the whole 
native population shows a shifting pattern. In the words 
of Dr. Lee: 

"Accidents still remain the leading cause of death 
but influenza and pneumonia, together the number 
two cause in 1960, have dramatically shifted to 
fourth place. Early infancy deaths have dropped 
from third to seventh place, while heart disease 
and cancer have moved into second and third place, 
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respectively > each just one rank below the rank- 
ing for the total U,^. population. The tendency 
noted is for ranking to line up in the same order 
as that of the general U.S. population. These 
shifts could be interpreted as resulting from an 
effective attack on infectious diseases through 
prevention and cure.^' (Lee, 1973) 

III.D. !IIGH PRIORITY HEALTH PR0BLQ5S 

A whole new set of problems have increased their effects and 
pervasiveness. Reactions to the cultural clash, unemployment , the 
educational system and adaptation to the demands of modern life, 
are harder to approach than the strictly "medical" diseases. (Sec 
Attachment III. 4) 

Tl I.D.I. Mental disorders : As causes of death, of hos- 
pitalization, or reasons for visit to the medical personnel, the 
incidence of mental disorders is growing sharply. AJcohollsm is a 
health problem of growing importance. Haraldson (1972) summarizes 
the point: 

"The consequences of alcoholism are many and with high 
incidence in the statistics (e.g. of violence, acci- 
dents, cirrhosis of the liver and family breakups.) Al- 
coholism is considered a direct or contributing cause in 
20 percent of all deaths." 
A growing use of hallucinogenic drugs has been reported. The rate of 
hospitalization for mental disorders jumped from 5.3 per thousand 
in 1966 to 19.3 per thousand in 1972. (Attachment III. 3) The native 
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rate of suicides and homicides In 1968 vas double the rate for 
whites* 

III. I). 2. Venereal diseases ; The'rate of gonorrhea in Alaska is the hl^'.he 
in the USA, and the number of syphillls cases is growing steadily. 
Jn 1970 the reported cases of gonorrhea showed a rate of 888 per 
100,000. 

III.D.'U Otitis media : Special campaigns are under way to eradicate 
this most common childhood illness. About one-quarter of the 
natives have had more than one episode of draining ear at some 
time in tfieir lives. The results of the campaigns are encouraging^ 
(Fifty to ninety percent of children surgically treated in 
Anchorage have had continuing good results) • 

TII.D.^. Water and sanitation : Solutions that were adequate for nomadic 
subfti«tence traditional life are not suitable for the requirements 
of modern life. Permafrost and the extreme climatic conditions 
Ttiake the installation of water supply and sewage disposal systems 
difficuJt. The land is hard to excavate, pipes freeze and break, 
and sewago seeps out. Experimental systems are being trieUi but 
the obviotis additional costs make it difficult to implement then 
widely . 

[II.D.'^. Ho using : The natives, long accustomed to the outdoor life 
(fjuntinj^. and fishing with high mobility), now spend more time indoors 
.It hornc. The scarcity of financial resources to buy modern houses 
and t!:e lack of modern designs based on locally available mterials 
(rocks, logs, etc.) have resulted in the building ol substandard 
houfiOK where sanitary and psychological discomfort abounds. 
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''It is generally accepted as a fact that Eskimo sub- 
standard housing contributes to the high Incidence of a 
series of environmentally related diseases such as 
acute viral and other respiratory diseases, pneumonia, 
otitis media, streptococcal throat infections, rheumatic 
diseases (with heart and kidney involver^ent) , skin dis- 
eases, accidents, and even some mental disorders." 
(Haraldson, 1972) 

IIl.E. ORGAlilZATION OF THE HEALTH DELIVERS SYSTEM TO NATIVE ALASKANS 

Multiple public agencies and services plus the private sector 
are the providers of social and health services to the natives. 

The first level of care ia provid<2d in the villages which are 
covered by about 180 health aides, paramedical personnel who provide 
primary care to their fellow villagers and are linked by radio to the 
doctors at the Native Health Service hospitals. About once a month 
nurses and/or doctors visit each village for ambulatory care and preven-- 
tive treatments. The villages are grouped in seven Public Health 
Service Units, each of which has its hospital, and in some cases a to\m 
clinic, served by a public health nurse. (Lee, 1973) All these seven 
units comprise the Alaska Area Native Health Service, a geographic sec^ 
tlon of the Indian Health Service (PHS-HEW). The headquarters are in 
Anchorage with an area director and a central hospital (the Alaska 
Native Medical Center, ANMC) serving the whole region. In some areas or 
for some problems, the Service contracts with private or public medical 
centers the treatment of native patients. The Alaska Native Health 
Service also deals with environmental sanitation, housing, water supply* 
and sewage disposal. (Haraldson, 1973a) 
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Hed lcore and ^^ed lea id support is available to Natives 
qtiallfying for it because of low income, age, blindness, or 
disability, and for families with dependent children. 

Tho Office of Economic Opportunity supports two ''rcgionall ^:ed 
consumer-controlled health delivery systems serving Eskimo people*'* 
in Bethel (the Yukon-Kuskokwim Health Corporation) and in Nome (the 
Norton Sound Health Corporation). 

The Department of the Interior, through the Bureau of Indian 
Affairs, cares for education of native children, land problems, 
unemployricnt , and welfare in general. 

The Department of Housing and Urban Development supports develop- 
ment of low-cost housing In native settlements. 

The State of Alaska is responsible to all Alaskans for: 
comjiunicabie diseases in general, tuberculosis control, mental 
health, maternal and child health and family planning, public 
health nursing, nutrition and rural housing. (Haraldson, 1973) 
It also provides free laboratory services for private physicians 
attending Native people. The Alaska State Department of Health 
and Social Services is the main responsible agency. There are also 
local autonomous health agencies at the borough level. 

As H.iraldson points out (1973), "Due to the rather complicated 
organi7.atiorial pattern of health services with responsibilities 
Hhared..,, considerable coordination problems are Involved in the 
planning and administration of native health services". 

Indeed, quite recently the three top planning and advisory agenci 
(the Alaska Native Health Board, the Indian Health Service, and the 



state Department of Health Social Services) got together to an- 
alyze the allocation of the $100 million combined health budget* 
(Alaska Federation of Natives Newsletter in Tundra Times , 
February 27, 1974) At the meeting "much time was spent identi- 
fying who does what under the name of health" In Alaska. Ac- 
cording to the newspaper report, the Alaska Native Health Board 
stated that "health problems are basically the same as 100 years 
ago and are just beginning to be addressed". 

III.F. A COMPARISON WITH THE HEALTH CARE SYSTEM FOR NATIVES IK 
jut: CANADIAN NORTH (by Heather Hudson) 

The Alaska health care delivery system may be compared with 
the system used by the Canadian Government, in which most 
remote native communities in the Canadian North are provided wit 
a resident nurse and a nursing station which consists of a clini 
a few beds, and living quarters* The larger stations have two 
or three resident nurses. The nurses are linked to regional hos 
pitals by telephone or HF radio telephone. Some smaller communi 
ties are served by native aides who report by UF radio to nursps 
In the larger settlements. 

The nurses come from southern Canada and foreign countries 
such as Britain and Australia* The turnover rate is high. Dr» 
Sixten S. R. Haraldson of the World Health Organization 
concludes that the Alaskan approach of using trained native 
aides with communication to doctors avoids many of the problems 
of the Canadian system, "fraining the Eskimos as medical aides 
means they stay on the job, so avoiding the high turnover rate 
which plagues Canada's northern health service." (Haraldson, 



1973b) He found that infant mortality among Ala,^kn Kskitiios was 

mich lower than for Canadian Eskimos, quoting the Alaskan figure 

of 20 tie.atK^ per thousand llv^ births vs» 97,8 per th'ouiunid for (Canadian 

Eskimos* Haraldson notes that Alaska spends about $700 on health 

care per Eskimo per year to cover all health costs, whereas Canada 

spends $7^0 to cover 60 percent of costs. "Canada seeins to be 

spending more and getting less." (Haraldson, 1973b) 

On the other hand. Dr. carolyn Brown, a physician practicing y 
in Afichorage and a consultant to Stanford University, points out that 
the Alaskan system is unplanned. Different agencies overlap each other 
and It is fragmented in its operation and coverage, while the Canadian 
system is well planned and unified. However, both agree that using 
trained native health aides is the cheapest way to raise the standard of 
service in remote areas. 



CHAPTER IV 

BACKGROUND AND PURPOSE OF THE ATS-1 SATELLITE EXPERIMENTS 

IV. A. BACKGROUND 

Tho presence of the ATS-1 satellite in geostationary orbit 
provided the opportunity to conduct experiments between small ground 
stations located both in remote places in Alaska and in urban 
centers to verify the possibility of having reliable telecommunications 
between them. The National Aeronautics and Space Administration (NASA) 
has made time available on the first of the Applications Technology 
Satellites (ATS-1) launched in 1966, but still operating satis- 
factorily for voice communication. The Lister Hill National Center 
for Biomedical Communication of the National Institutes of Health, 
Department of Health, Education and Welfare, through a contract 
with the University of Alaska, has funded the installation and 
operation of low-cost ground stations In several Alaska locations 
with the basic purpose of improving health care delivery to the 
villagers by health aides who are able to consult remote doctors 
(see list, Attachment IV. 1). Stanford University received a contract 
from the Lister Hill Center to carry out an evaluation of the ATS-1 
biomedical communication system in Alaska. 

As originally outlined in the Lister Hill Center report^ "A 
Satellite Communications Project for the Pacific Northwest and 
Alaska" (October 1970), the fundamental aims of the exper-- 
iments included both technical and specifically biomedical 
communication matters. These goals were to: 
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-"deternine the degree to which satellite comnunicnt Jons 
terhnoJ.ogy can bo used for biomedical communications in 
fCMoLe areas where common carrier telecotnraunicat ions ser- 
vices do not exist or are severely limited; 
— provide technical experience which will be of use in the 
design and development of future operational satellite 
systems and medical services; 
--gathj^r technical data to be used in the design and 

develcpment of small, effective, and economical satellite 
communications earth terminals ; 
— gain experimental data designs of baseband communications 
equipment (e.g. ECG devices, teletype terminals) to be used 
in conjunction with both satellite and terrestrial trans- 
mission systems. 
— conduct controlled experiments to determine effective 
methods of providing health care education and medical 
consultations to geographically Isolated locations. 
IV. B. THE OPERATIONS AND THEIR EVAI.UATIONS 

In this context, the main task of the evaluators was to analyze 
the operation of the biomedical communication system, its human and 
organizational components, and its impact upon the health delivery 
system, its personnel, and its users. This evaluation required both 
an analysis of the actual functioning of the system and comparative 
studies of existing communication alternatives. 

More specifically, the research carried out included: 
a. A quasi-experimental comparison of the communication per- 
formed in the aide^-to-doctor system, when using HF radio and when 
using satellite radio (Ch. V and VI. A). 



b. An analysis of the perfortnarcc of the aide-to- 
doctor exchange, both for the quality > frequency, and duration of 
the exchanges, and for their medical content, (Ch. yi.A). 

c. An analysis of the impact of the satellite communi- 
cation oa the health aide behavior, and of their attitudes toward 
the system (Ch. VI. B). 

d. A quasi-experimental analysis of the impact of the satellite 
radio link on the hospitalization rates of the villagers served by 
It compared with those villagers served by HF radio (Ch. VI. C). 

e. An analysis of the exchanges between a physician 

on a remote island and his consulting colleagues at a major medical 
center (Ch. VIII). 

f. A quasi-experimental evaluation of paramedical education by 
satellite, comparing the learning scores of nurses obtained after 
participation in a Coronary Care Nursing Course, delivered both In 
face-to-face situation in a school setting and by satellite to 
nurses stationed in remote clinics (Ch. IX). 

g. Alternative systems to provide health communication 
services were assessed. The results include hardware, satellite 
link, and cost analysis (Ch. XI). 

The contract was awarded on January 1, 1971 with some 
modifications made later on, and the satellite radio ground 
stations began operations in August 1971. The experiments were 
carried out from that period on. Data from this ATS-1 experiment 
are being used as baseline data for the ATS-6 experiments on 
satellite transmission of video and health information messages 
and their effects on health care. 



CHAPTLK V 



TECHNICAL EVALUATION OF SATELLITE SYSTEM PERFORMANCE 

v.A. Background: the ats-] experiment- -communication before and 

AFTFR satellite RADIO INSTALLATION 

During the summer of 1971, ground stations were Installed at 26 
comipuaitlci? in Alaska for two-way audio communication via the NASA ATS-] 
experlircntal satellite. Nine of these stations were located in villages 
in the Tanana Service Unit which are served by native health aides. 
Other ground stations in the Unit were installed at the Tanana hospital 
and Fort Yukon where there is a nurse. Ground stations were also 
located at the Alaska Native Medical Center (ANMC) in Anchorage and In 
13 other communities, several of which had doctors. The Alaska control 
station (Minitrack) is at the University of Alaska in College, near 
Fairbanks. 

The primary use of the ATS-1 network has been for a daily doctor 
call between the doctor at Tanana and the remote health aides In the 
Tanana Service Unit. In 1973, six ground stations were moved from other 
sites where they had received little use to an additional five villages 
in the Tanana Service Unit. (See Attachment IV* 1) Prior to the 
Installation of the satellite radios In some villages, all of them had 
IIF con^munlcation and the doctors at the Tanana Hospital tried to achieve 
the daily doctor call through those HF radios. 
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V^B* METHODOLOGY 

In an attempt to isolate the effects of introduction of the 
new technology from other factors Influencing health care de- 
livery in rural Alaskai a quasi-experimental design was Inipospci 
on the basic data. A group of nine villages were designated as the 
"experimental villages'\ These were Allakaket, Anaktuvuk Pass, 
Arctic Village, Chalkyitsik, Huslia, Nulato, Ruby, Stevens Village, 
and Venetie. All of them were equipped with satellite-radio re-- 
placing the JIF radios being used by the health aides. A tenth 
village with satellite radio in the Xanana Service Unit, Fort 
Yukon, was excluded from this analysis because the presence of a 
nurse and the availability of a telephone made the health care de- 
livery situation in that village quite different from the others. 

To examine the difference attributable to the satellite radio, 
statistics were gathered for the year immediately before the Intro-- 
duction of the satellite ground stations* Some of the changes 
from one year to the next might have occurred without the intro- 
duction of the satellite radios, however* To provide an appropri- 
ate baseline for comparison, a group of villages in the Tanana Ser- 
vice Unit which did not have satellite radio were studied during 
the same threo-year period. (Mid-August of 1971, the average date 
of satellite ground station installation, was used as the dividing 
point for the before-after comparison in the control villages.) 
No other event that could have differentially affected one group of 
villages was detected* Doctor-initiated doctor call sessions were 
held before and after the satellite installation in all villages, 



rxper In^entnl and control ones. No turnover of health aides occurred 
to affect the experimental data. 
V.C. TKaiNlQUES^ 

For purposes of this technical evaluation, the radio logs at 
Xanana Hospital and at the Minitrack Station at College were 
examined to deternlne the frequency of radio contact between 
Tanana and each of the villages during the three-year period and 
the quality of the signal. For the nine experimental villages, the 
data presented below include the calendar year immediately before 
and iirmedlately after the installation in each village, and a 
second year, beginning in October 1972* (See Minitrack radio log 
as Attachment V.l, and Tanana radio log as Attachment VI. 2.) 

For the four control communities of Beaver, Hughes, Koyukuk and 
Uampart, the radio contact is reported for the year before and after 
the average Installation date of August 17, 1971. (Table V-1) Only 
four centre] villages were used for this analysis because the vil- 
lages of Birch Creek, Circle and Eagle (used as controls In other 
analyses reported below) did not appear in the radio logs in this 
perjod; they apparently had no radio contact at all with Tanan»3 
Hospital. During the first year of the satellite period, the satel- 
lite was not available for 27 days. Also, the health aides were 
not required to answer "doctor call" on weekends if they had no 
patients to discuss. However, in all instances, the percentage of 
days with radio contact was calculated on the basis of a 365- or 
366-day year. 
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TabJe V^l* Days of Radio Contact with DoQtor Before and After / 
Installation of Satellite Ground Station 

BEFORE AFTER 

(1970-1971) (1971-1972) (1972-1973)* 



average % of average % of average % of 
number poss. number poss. number poss. 
of days days of days days of days days 



Experimental 

Villages (9) 51.7 14.0 270.2 74.0 310.0 85.0 

Control 

Villages (4) 44.0 12.0 24.3 7.0 N/A** N/A** 



* 10-1-72/9-30-73 



**Three of these four villages (Beaver, Hughes, and Koyukuk) had 
satellite radios installed in raid-April 1973. The fourth, Rampart, 
continues operation with HF radio, but no record of contact appears 
in the Tanana Hospital log. 



V.D. AIJALYSIS OF THE RESULTS 

The change in radio contact in satellite villages amounts to an 
Increase of more than 400 percent for the first year after and more than 
500 percent for the second year following satellite radio Installation. 
These differences are statistically significant despite the small 
number of villages involved (first year, t = 14.1, df « 8, p < .001; 
second year, t «= 22.3, df = 8, p < .001). 

The percentage drop in the villages with high^-f requency radio 
contact is not statistically significant, and may be just random 
fluctuation. The first year report suggested that if the change did 
reprefsent a decline, it might represent deterioration of the 
high-frequency equipment as contrasted to the satellite radio, or a 
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decline in the doctors' perseverance in attempting to n^ake contact vin 
liigh- f I equcncy radio* rhe lack of data for the second year (due to the 
fru t that no record of contact appears in the ]og 'for the control 
villages) made it impossible to be more definite. 
V.E. INFLUENCE OF THE LOCATION OF THE RADIO TRANSCEIVER 

One alternative hypothesis to explain the increase In '^contacts 
completed" after the satellite ground station installation was the f act 
that tho&e transceivers v/ere placed in the homes of the health aides, 
rather than in less accessible areas, such as schools, convnunity halls, 
etc, To control for the possible effect of the change in the location 
of the radio transceivers, four villages with both IIF radios and 
satellite radios located in the home of the health aide were compared 
vlth five villages where the radios were not previously located in tl:e 
health aides' homes. (Table V-2) 



Table Percentage of Days on which Radio Contact 

with Doctor was Made 

Year before First year after Second Year After 
Satellite Satellite Satellite 

(1970-1971) (1971-1972) (1972-1973) 



4 villages 
vhiclj had 

IIF radio in 21*0 7A.0 89.0 

Health Aide's 

home 

5 villages 
which had 

HF radio 11.5 73.0 82,2 

elsewhere than 
Health Aide's 
home 
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The data demonstrate that having the HF radio In the health 
aiders home, led to more frequent radio contact. However in those 
villages with "at-home" access to HF radios, contact was made on 
only one day in five, 

V.F. COMPARISON WITH VILLAGES WHERE SATELLITES WERE INSTALLED 
IN 1973 ("NEW SATELLITE VILLAGES'^ 

In April 1973, satellite radios were installed in four ad- 
ditional villages at the request of the residents. This group of 
villages— Beaver, Eagle, Hughes, and Koyukuk— of f ered an additional 
possibility of comparison between this new group and the villages 
where the satellite had been operating for raore than a year* 
These "old" satellite villages were used, therefore, as a control 
group, and the four "new" satellite villages were the experimental 
ones. In both groups, the data for the year "before satellite" 
reflects the operation of biomedical telecommunication during 
ly/l, The data for the "first year after satellite" reflect the 
operation of the biomedical telecommunication during 1972 for the 
old villages and the estimate for the calendar year of 1973 for the 
new satellite villages* 

The data presented in Table V-3, following, confirm tJie pre- 
vious analysis that the Installation of satellite radios Increases 

dramatically both the number of contacts completed and the number 
of medical cases treated. 
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Tablo V-3 



Old" and "New^^ Satellite Villages 



Before 



First Year Alter 



Days with Radio Contact with Doctor 
New satellite villages (4)* 



44*0 (12%) 



278 (76%) 



Old satellite villages (9) 



51*7 (14%) 



270 (74%) 



New medical cases treated ( average 
and episodes per 1000 inhabitants ) 



New Satellite villages (4)* 



24,7 (286) 



158.4 (1,604) 



Old Satellite villages (9) 



47.1 (330) 



184.6 (1,291) 



*In the sample of 4 villages, one of thorn (Rampart) was replaced in 
the analysis for the "f irst-year-af ter-satelllte" period by another 
village (Eagle), 



V.G. ONE TYPICAL YEAR OF "DOCTOR CALL" 

During 1973 it was possible to collect enough data to portray in 
depth the operation of the satellite radio system, its reliabil- 
ity and the medical services it provides. By 1973, the satel- 
lite was already a fact of life for the doctors and participating 
vLJlages. Possible novelty effects and periods of adaptation were 
over. The hardware was no longer brand new and received average 
maintenance. The villagers who were the final beneficiaries of the 
system had evidence of its advantages and limitations. Tn 1973, 
satellite radios were installed in four more villages which al- 
lowed for comparison between newcomers and experienced health 



V.G.I. The Setting In the Xanana Service Unit 

Doctors at Xanana Hospital communicated daily with health 
aides at thirteen villages and with registered nurses in charge 
of the clinics at Fort Yukon and Galena. Of the thirteen villages » 
nine had been using satellite radio since August 1971, and fouir 
since April of the year under analysis. The nurses at Fort Yukon 
and Galena also had telephone links to the hospital and fre- 
quently also sought consultation from the physicians at the Fair- 
banks Native Health Center. 

All the health aides had performed similar tasks with satellite 
or HP radio for communication prior to the year under analysis. Two 
doctors at the hospital had bee.n working with the satellite radio 
system since early 1972, and a third doctor was added as a radio 
consultant in mid-1973. 

The satellite voice channel was operating at full power, and 
maintenance of the equipment was assured by the Geophysical Insti- 
tute of the University of Alaska, at College* 

The population in the thirteen villages served by health aides 
and satellite radio was about 1,700 persons, of whom more than 
95 percent were Natives. With the exception of Anaktuvuk Pass, 
which is an Eskimo village, all the others are predominantly 
Athabascan Indian communities. 
V.G.2. Performance of the System 

The major figures for the system performance during this year 
are as follows: 

V.G.2,a. Contacts completed : 86 percent of attempted contacts were 
successfully completed. Technical and human problems (health aide 

ERLC 
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away hunting; or busy with personal affairs^ etc.) account for the 
remaining 1^* percent. The village with the most completetl contacts 
had 96 percent, the one with the least completed, 63 percent. 
The percentage of contacts completed remained reasonably stable 
over the year (maximum, October, 91 percent; minimum, June, 83 
percent) . 

The villages Joining the syste?i in April 1973 had a similar 
proportion of completed contacts to those villages already operating 
via satellite. 

V.G.2.b. Positive traffic (traffic with medical content): On 67 per- 
cent of the total village days (or, in other words, of the total 
possible contacts), the average health aide discussed or exchanged 
medical messages (either patient consultation and/or medical 
administrative matters). January and February had the lowest per- 
centage of medical content (on about 53 percent of the total days). 
(See Attachment V.2) 

The variation among villages is notable. There was one village 
(pop. 159) with content to transmit on 88 percent of all the days of 
thr year, while another village (pop, 84) had medical traffic on only 
i8 percent of all days. 

V.G.2.C. Negative traffic : On 19 percent of all days (or 
34 percent of the "completed contacts"), there wore "neither 
patient consultations nor administrative matters to ex- 
change that d.ay'\ In colder months there tended to be more con- 
tact days without medical traffic than in milder months* 
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V,G,2.d, The quality of the signal : The signal was rated at Minitrack 
daily for contacts with every village on a five-point scale for strength 
and intelligibility* 

The strength of the signal was rated in the two top categories 
of the scale in more than 98 percent of the contacts, and in 84 
percent of them it was rated in the top category. 

There were no clear seasonal strength variations. In April and 
May, however, there was significant increase in the number of con- 
tacts with strength rated in the second best category (25 percent). 
Some villages transmit with considerably better signal strength 
than others* The worst village had 57 percent of the contacts 
in category 4; the best had only 4 percent rated 4; and almost all 
others were in category 5. 

The intelligibility of the signal was rated for more than 95 
percent of the contacts in the top two categories, and for 62 per- 
cent of them in the top category. (Category 4, readable with practi- 
cally no difficulty; 5, perfectly readable.) Some of the villages had 
an average of 84.2 percent in the 5 category, while others had 
only half of their contacts in that category. 
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CHAni-R VI 

EVALUATION OF REMOTE HEALTH AIDE-TO-DOCTOR CONSULTATION VIA SATKLLITE 

In the previous chapter data analyzed show the increase in the 
frequency of contacts between health aide and doctor, and their high 
signa] quality. 

In this chapter the operation and possible effects of the link 
between health aide and doctor are explored. This chapter is divided 
into four main sections; VI. A., analyzing the biomedical content of 
the trlecommunlcat ion (number of consultations, diagnoses, severity, 
predicted effects, etc.); VI. B», describing in depth the role of 
the healt!) aide; VI. C, exploring its possible consequences on hos- 
pitalization rates; and VI. D., a discussion of conclusions. 

VI. A. HEALTH AIDE-TO-DOCTOR COMMUNICATION 

The cormnunication between health aide and doctor is analyzed in 
thi.« section quantitatively and qualitatively. The first part compares 
the number of medical episodes treated before and after the instal*- 
lation of the satellite stations^ and describes in more detail the 
ones hold during a typical year (1973) of full operation cf the 
system, Including the emergency calls. A more qualitative content 
analysis of those exchanges follows, andly2ing the type of visit 
cfinsulted on, the diagnoses, the severity, the nanagement plan 
proposed, and the predicted effects on outcome. 
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VI. A. 1 Medical Cases Treate d 

The radio logs at Tanana and the Mlnltrack station at Col-- 
lege also permitted an analysis of the number of new episodes 
discussed by the doctor with the health aide in each of the vil- 
lages contacted during doctor-call* Compared to HF contacts in the 
year previous to satellite installation, the number of cases man- 
aged by satellite radio showed almost a three hundred percent in- 
crease in the first year, and more than four hundred percent for 
the second year, against a background of a slightly declining number 
of pptients treated in the HF radio villages. Table VI-1 shows the 
number of new episodes in the experimental and control villages in 
the year preceding and in the two years following Introduction of 
the satellite radio. (A "new episode" is any form of patient con- 
tact other than follow-up visits within a few days.) The 
increase in the satellite cases was statistically significant 
(first year: t «= 12,5, df « 8, p < ,001; second year: t « 23, A, 
df « 8, p < ,001). (Table VI-1) 



Table VI-1 New Eplscdes Handled by Teleconsultatlon 



9 Satellite Villages 47.1 (330)* 184,6 (1,291)* 290.0 (2,021)* 



Before Satellite 



After Satellite 
1st year after 2nd year after 
(1971/72) (1972/73) 



(1970/71) 



4 HF Radio Villages 



24.7 (286)* 



15.0 (173)* 



N,A. 



*Eplsodes per 1,000 inhabitants 
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V J . A . 2 . 'iVie Biomedical Coinmunlcati<^n Dv ring a Typical Year 
VI. A. 2. a- Data Sources 

As we rientioned before (Ch. V.G) an In-depth analysis of the 
health aide- to-doctor communication was done on the data available 
for 1973, 

The data used In this subsection stem from two basic sources: 
the logs kept at the Mlnitrack Station at College and records kept 
by heaJth aides. Information from a previous analysis of emergency 
calls by Or. Brian Beattle has been included* 

VT.A.2.b. Patient consultations ; Consultation is sought in about 
Iwo-thlrds of the cases seen by the health aide. This estimate is based 
on an in-depth analysis of one health aiders records. The health aides 
of the thirteen villages made 3,020 patient consultations in 1973. 
Given that the total population of these villages is 1,700, and four 
villages entered the system in April, this amounts to about 2.0 radio- 
consultations per person annually, or around 10.6 radioconsultations 
per average family (5.3 persons). (U. S. rate for doctor visits: A. 3 
per person.) 

There are large intervillage variations in the rate of radio- 
consultations per capita (maximum 3.7, minimum .95). Not enough 
information is available to relate this in any way to the health 
or s*anitntion conditions of the village. Variables In the behavior of 
the health aide are probably the major factor of the difference In 
the race. 

In 43 percent of all possible contacts (number of days per year 
times nunjber of villages) there was at least one patient consultation; 
in some villages patient consultations occurred on two-thirds of the 
days; In some others, on only one day in four. 



-55- 



V1.A.2.C. Seasonal variations : There are seasonal variations in 
In the number of patient consultations per month. Winter and suirmer 
months have a higher number of patient consultations than spring and 
fall months. The patient consultations per possible contact for 
each month were as follows: 

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 
.89 .70 .73 .54 .55 .71 .75 .84 ,77 .66 .67 .72 
The yearly average was .71. 

Vl.A.2.d. Administrative matters exchanged ! Placement of orders for 
supplies, drugs, checking on prescriptions, inquiries about use of 
drugs after freezing or after expiration dates were the most frequent 
non-patient matters exchanged. The second most frequent were in- 
quiries relating to transportation, the whereabouts of the X-ray 
team, the dentist, the nurse, a traveling doctor, or the mail plane. 

Each village discussed an average of 282 items per year, or .95 
items per possible contact (maximum 1.9; minimum 0.5). The variation 
across months of the year was not seasonal (maximum 1.2; minimum 0.7). 
23 percent of the total contacts had administrative matters as their 
only content. 

VI.A.2.e. Time elapsed ; During the full year, the thirteen villages 
used 13,944 minutes (232 hours) of satellite time. This was an av- 
erage of 4.3 minutes per average day per village (4.8 minutes on 
weekdays and 2.6 minutes for weekend days), or about 9r3 minutes 
per person per village annually. Out of that time, 72 percent 
was used for patient consultations and about 27 percent for 
medical administrative matters. The average patient consultation 
required three minutes, and the average administrative item one 
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minuto. There were big variations between villages only partially 
accounted for by the variations in population between villages. 
(The cnaximum average contact for a particular village was 7,0 
minutes; the minimum 3.4 minutes.) Weekend contacts were about A5 
percent shorter than weekdays. There were no important variations 
in the time spent per month. All months had between 1200 and 1350 
minuter with the exceptions of Augusc (1539) and September (959). 
This amount of minutes excludes the exchanges with other villages or 
localities outside the thirteen under analysis (e.g. Fort Yukon, Galena, 
St. Paul Island). The total satellite time used was larger. 
VI. A. 3. Emergencies 

The lack for the village aide of immediate contact with the hos- 
pital in emergency cases was a factor in disabilities and deaths. An 
analysis done by Brian Beattie, M.D. (Hudson, 1972) on emergency cases 
showed that: 

a. Lack of communication within a reasonable time made a difference 
in the outcome of four cases out of a total of 10 deaths which 
occurred in the period he studied. 

b. For emergency contacts, the villages where satellite radio was 
in use had a better percentage of contacts achieved within a 
reasonable time than those equipped with HF radio* 

However, at the time of that study the health aides in the "satel- 
lite villages" had to wait to be called in order to have contact with 
the doctor. They could not call him. After that study, "alarm buttons" 
were installed in the health aides' houses, to call the hospital in 
emergency situations. After the installation of those buttons in Inte 
1972, no case was recorded as not having been achieved v/ithin a reason- 
able time. 
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Durlng 1973 there were 45 emergencies recorded, some of which 
Involved more than one patient. Seventy percent of thf^in resulted In 
evacuation of the patient to the hospital^ and twenty percent were 
resolved by consultation with the doctor* The remaining ten percent 
were either labelled as ''non-medical emergencies" or no information 
about their nature was recorded* 

The following is a list of emergencies for which the alarm . 
bxittons were activated during May 1974: 

1, Koyukuk activated the medical alarm signal at 1800Z 

on May 2. An 18-year old in labor; arrangements were made 
for air evacuation to Tanana* 

2. Nulato activated the medical alarm signal at 1730Z on 
May 6. A patient with chest pain; treatment recommended. 
Nine minutes used. 

3. Nulato activated medical alarm signal at 0538Z on 14 
May. Patient in severe pain and depression. Had recently 
had surgery and radiation treatment for cancer. Air trans- 
portation to Tanana arranged for following morning. 

4, Hughes activated the medical alarm signal at 0604Z on 
May 29. Patient with lower abdominal cramps. Treatment 
advised and air evacuation to Tanana arranged. 

(From University of Alaska Geophysical Institute Informal 
Monthly Progress Report dated June 17 > 1974.) 

VI*A,4, The Content of the Alde-to-Doctor Radioconaultatlon 

The health aide provides the first level of care in the remote 
villages, and is responsible for all health care activities during the 
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long pcrlo(!f3 of time between physician visits to the community ♦ In 
thirteen villages of the Tanana Service Unit, the aides contact the 
consultant physician at Tanann Hospital by satellite radio daily at 
scheduled times. A "sample" transcript of the kinds of interactions 
carried on over the satellite is included as Attachment VI. 9. It Is 
based on actual consultations but has been altered to preserve medical 
confidentiality. About two-thirds of the patients they see are 
discussed with the physician. What is the medical content of these 
exchanges? What conditions are the most frequently discussed? And with 
vhat efEects in terms of treatment? How many of the cases discussed arc 
transferred to the hospital? These questions are analysJed in this 
section. 

VI. A. 4. a. Methodology 

Questionnaires and codes were developed at Stanford which asked the 
physician consultants, Drs. Crooks, Britton, and later Hardy, of the 
Tanana Hospital, to rate various parameters of the inter- 
action* (Attachments VI. 2 and VI. 3) The period under analysis, the 
latter half of 1973, includes summer months and the extremely cold late 
months of the year. It does not, however, include late winter. 
No significant variation occurred between the warm and the 
cold seasons either in the number of encounters or In the propor-- 
tion of various diagnostic categories* There were 2,004 physician- 
aide patient-related encounters during the evaluation period. 
Satisfactorily coded information was obtained on an average of 82 
percent ot entries. For the different variables the percentage 
of satisfactorily coded Information was: severity, 86 percent; 
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type of encounter, 90 percent; tnanagerrent change code, 79 per- 
cent; and outcone cede, 70 percent, (The outcome code completion 
rate rose to 77 percent after some confusion over the instructions 
was clarified.) 

VKA.^.b. Coders' Reliability (by Dennis Foote) 

In order to verify that the doctors use the codes in similar ways, 
correlation coefficients were calculated between the numbers of cases 
each doctor assigned to each category of the codes. This Is not a 
rigorous reliability coefficient, because the doctors have not Judged 
the same cases i but it will provide a general indication of the 
similarity between each pair of the doctors. 

Cases in which doctors failed to record the codes were excluded 
from the analysis. Because the degrees of freedom for the correlation 
coefficients are quite small, Interpreting the actual magnitude of the 
coefficient is very difficult. For example, a correlation with two 
degreed of freedom must be .900 before It is significant even at the 
.05 level. Higher correlations must be obtained for more stringent 
significance levels. Consequently, the following table reports the 
level of significance of the inter-doctor correlations, rather than 
the actual correlation coefficient. The smaller the number, the 
.stronger the similarity is between the two doctors' use of the codes* 
The obtained coefficients that were significantly different from chance 
range between .9159 and .9999. 
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DEGREES OF 



SIGNIF^C ANCt LEVEL OF CORRELATION 

COEFFICIEKTS BETWEEN DOCTORS: 
DOCTOR S DOCTO RS DOCTO R S 



CODE 



FREEDOM 



1 AND 2 



1 AND 3 



2 AND 3 



Visit 

Travel 

Sevei"ity 

Management 

Outcome 



1 
2 
6 
2 
2 



Not sig* 
Not slg« 



.01 

.005 

,005 



Not sig. 
Not sig. 



,01 

.005 

,005 



,005 

.005 

,005 

,05 

,025 



As can be seen from the table, the doctors use the codes quite 
siTRilarly, with the exception of Doctor 1 on Management and 
Outcome codes. On those two codes » Doctors 2 and 3 use the codes 
In the same way. and Doctor I uses thera differently from either of 
the other doctors. However, it must be remembered that these are 
not true reliability coefficients, because the doctors have not 
rated the same cases. Thus, it is not possible to conclude that 
Doctor 1 uses the codes unreliably; health aides may confer with 
him on different types of cases, or he may have an intervention 
style that is different from that of the other two doctors. Vfhat 
can be concluded from this analysis is that, on the whole, the doc- 
tors apply the codes in a consistently similar pattern. 

V1.A.6.C, The patients 

The encounters referred to native patients of al] ages. As we 
have seen (Chapter V), the average native in the village Is likely to 
be the subject of two consultations per year. The age distribution 
of the patients tends to follow the age pyramid of the village pop- 
ulation with predictable increased utilization in the early child- 
hood and older population groups. Twenty-two percent of the cases 
involve children three years or under, but this group constitutes 
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only 15 perr.ent of the total native population. This high rate is 
consistent with the fact that Infant mortality In this bycm is '^O 
percent higher than In the rest of the U. S. (Number of deaths 
before the first birthday per 1^000 live births in 1970: Alaskan 
Natives, 28. 5i U, S., all races, 19.8.) 



Table VI-2 Age Distribution of the Cases Consulted 

Age group Cases Cases Percent of the age group 

(Number) (Percent) in the Native population 



J - .3 


330 


22.2 


15.0 


4-13 


352 


23.7 


29.3 


1'- - 23 


217 


14.6 


18.5 


24 - 33 


185 


12.5 


14.1 


34 -• 43 


107 


7.2 


9.6 


44 - 53 


99 


6.7 


6.8 


!)4 - C3 


84 


5.7 


3.9 


64 and over 


110 


7.4 


2.7 




1,484 


100.0 


100.0 


Unreported 


520 






Total cases 


2,004 







June-Dec 1973 

Source for age distribution data: Alaska Natives and the Land » 
1968. 
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VI.A.^i.d, The diagnoses 

There were 26 diagnosis categories. The categories nro bn^^ed on 
the tnajor headings of the Diagnostic Code List for the Atnbulatory 
Patient Care Report given in Appendix III of Chapter 3 of the Indian 
Health Manual , TN No. 71,5, 10/5/71. Only minor adaptations have 
been made. The most frequently used categories were respiratory 
disease, ill-defined symptoms, skin difficulties, ear problems, 
and accidents. (Table These five categories accounted for 

63 percent of all recorded encounters. 

The distribution among villages is relatively homogeneous. 
However, a few villages have special patterns, such as Hughes, whnre 
respiratory cases appear more often and digestive problems are trore 
numerous. The populations of the villages are quite snail (average 110 
persons) , and the presence of one individual with chronic illness 
necessitating frequent health care may have a significant ef- 
fect on the total village utilization figures* Since patients 
were not coded individually it is not possible to answer the ques- 
tion of how much the ^'individual patient" may have contributed to 
these speclnl patterns. 

VI.A.4.e. Severity 

The severity-complexity code was scaled from one to eight, the 
higher numbers Indicating a more severe-complex problem. During the 
period under analysis, only one-half percent of the cases v;ere 
considered as very severe and complex (categories 7 and 8), Two- 
thirds were considered category 5, evaluation of a minor symp-- 
tomatic problem with some risk of complication. (Table Vl-A) 
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Table VI*3 Incidence of Different Diagnoses in the Satellite 

Radio Consultations 



Diagnosis Ji^ Diagnosis (n«2,004) 



Respii'atory 


20.5 


Urinary 


1.7 


Ill-defined symptoms 


12.4 


Birth control 


l.A 


Ear problems 


10.8 


Infectious diseases 








and parasites 


1.2 


Accidents 


9.0 










Mental disorders 


.9 


Kye 


4.9 










Bloodi neoplasm 




Digestive 


4»7 


disorders 


.4 


Supplemental tests and 




Nervous system 


.3 


followups 


4.0 








Male genitalia 


.2 


Female genitalia and 








breast problems 


3.7 


Endocrlnal» nutritional 






and metabolic 


.1 


Musculoskeletal and 








connective tissue 


3.1 


Other non*-dlagno8l8 








patient-related Issues 




Dental 


2.6 


(drug reorders 1 








travel) 


12.1 


Pregnancy ♦ birth and 








puerperlum 


2.0 






Circulatory 


1.7 







OVERALL TOTAL: 100% 
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Table Vl-4 Severity-Complexity of the Cases Consulted 



Number of Per- 
consultations rentage 



1. Simple question 

about medication, reaction, or use of 71 4*1 

household remedy, etc, 

^' Patient counseling about proper health 

habits, social or psychological problems 61 3.6 

3, Routin e screening , history, and physical 
on an asymptomatic individual, e«g., 

school or athletic evaluations 79 4.6 

4, Followup of and resolving acute problem 

that has been under treatment 302 17»6 

5, Kvaluatlon of new minor , but symptomatic 
problems related to a particular organ 
system, URI, urinary tract, etc., with 

little potential to become severe prob- 1108 64,7 

lem or chronic disease process with lit- 
tle potential for mortality 

6« Evaluation of new moderately severe 

problem with potential for deterioration 
to severe problem or to disability or 

chronic disease process with moderate 84 4.9 

potential for mortality 

7« Evaluation of acute problem producing 

severe symptoms or potential disability 6 .4 

or a chronic process with high potential 
for mortality 

8. Evaluation of continuing severe problems 
of life threatening proportions requiring 

analysis of several diagnostic and thera- 1 .1 

peutic possibilities and frequent eval^ 
ulation of course and therapy 



1712 100*0 
Unreported severity 292 



Total cases 2004 
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Conditions Involving the ear> circulatory systewi accidents 
and genitalia tended to be rated as more severe than the aver- 
age of all conditions. 

The severity of the cases was homogeneously distributed 
ariong age groups as well as throughout the months of the period 
(July to December) • 

VI.A.4»f. Change or confirmation of the health aide management plan 

In half the cases (categories 1 and 2) the health aide» 
In the opinion of the doctors, had planned, or could have plan- 
ned correctly on his ovm judgment. Of the remaining cases » 
twenty percent required minor changes and thirty percent major 
changes. (Table VI-5) 



Table VI-5 Health Aide vs Doctor Treatment 



(n - 2,004) 



Number of 
consultations 



Per- 
centage 



Confirm health aide treatment 



481 



30.4 



Suggested treatment, but aide could 
have managed 



331^ 



20.9 



Made minor treatment change 



268 



18.2 



Significant change or addition to 
management 



484 



30.6 



Total reported cases 
Unreported 



1,584 
420 



100.0 



Total cases 2004 
O , 
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Therc was a direct relationship between high severity intiug 
and suggested change In management by the physician. In the less 
tievere cases > the health aide management was confirmed in irost 
cases; in the more severe cases> significant or major changes were 

0 

frequently suggested by the doctors- (Table VI-6) 

There are obvious differences in the rate of confirmation and 
change among the different health aides. The rate ranged from one 
aide with only one case requiring change in management to another 
extreme example in which 63.3 percent of the cases required changes, 
often major ones, in the treatment. In fact> the best performance 
among the health aides was very close to the rate obtained by the 
registered nurses over the same system. (Table VI-7) 



Table Vl-6 Change in the Plan and Severity of the Case 





Health Aide management 
number of episodes 


plan confirmation in 


Severity Categories 


Confirmed 


Suggestion 


Minor 
Change 


Major 
Change 


Low (1,2,3) 


99 


36 


9 


2 


Middle (A, 5) 


364 


281 


25A 




High (6,7,8) 


18 


13 


251 


34 
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Table Vl-7 Comparison between Registered Nurses and Health 

Aides in Management Plan Confirmation 

(in percentages) 



Confirmed Suggestion Minor Major 

Change Change 



Mean for registered 

nurses 36^9 30.0 17.4 15.5 
Mean for two best 

health aides 44.0 18.0 12.7 24.8 
Mean for all health 

aides 30.2 20.8 18.1 30.4 



VI.A.4.g. The effects on the outcome 

In 70 percent of the 2,004 cases, the doctors recorded their 
assessment of the effect of the consultation on the outcome of the 
patient's problem. Criteria included effects on symptoms, well-- 
being, and disability. In most of the judged cases (58.2 percent), 
a definite effect was predicted. (Table VI--8) 

It is convenient to introduce here a caveat with respect to the 
interpretation of the predicted outcomes. It is conceivable that 
the value of consultation will be overrated in favor of the health 
provider and therefore the value of these predictions is limited. 
However, we consider it desirable to have some estimates of this 
sort. 

There is a direct relation between severity of the prob* 
lem and effect predicted on the outcome. Definite and marked 
effects were predicted for more than 75 percent of each of the 
four highest categories of severity, but for only 40.5 percent 
Q of the cases in the less severe categories. 

ERIC 
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lABLE Vl-F Predicted Kffect of thr Consultation on the Outcomo 

In percentages 
(n « 1,398) 



No effect on eventual outcome (>,8 

Some effect; probably only relative to symptoms > 

probably not influencing future disability 34,2 

Definilo effect related to the future well-being 

or prevention of disability 58,2 

Marked effect, possibly lifesaving or prevention 

of major disability 9,9 



100, OX 



Cases with opinion recorded 1,398 

Cases with no opinion on ef- 
fect of outcome 606 

Total cases 2,004 



As might be expected* the doctors predicted a definite ef- 
fect in iTOst of the cases (77 percent) in which they suggested 
a major or significant change In treatment. The Interesting point 
is that they also predicted that consultation would have a def- 
inite effect on 23 percent of the cases coded "confirmation 
of the health aide treatment'\ A plausible explanation could 
be that they felt the confirmation would reinforce the health 
aide's confidence about his own treatment plan. Data from the 
health aides' questionnaires showed that seven out of nine men- 
tioned the contact with the doctor as being the reason for feel- 
ing more confident than before. 
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Vf.A,3- Xtavel Authorization 

It Is Important to provide quick transportation service to the 
hospital wlien needed. The satellite radio has provided reliable means 
(Ch, V) to cidl for that service. 

But can the satellite radio system improve the accuracy of decisions 
about transfer, both reducing the need for transfer while not missing 
cases requiring transfer overlooked by the health aide? Furthermore, 
can it improve the benefits of the transfer by facilitating earlier 
discovery of symptoms and early transfer to the hospital when 
required? 

The issue of travel authorization was considered in 9 percent of 
the cases. Travel was authorized to a central facility in 19 percent of 
these cases, or 2 percent of the total* This means there were about 
five authorizations per^ month, one urgent and four routine. 

Different diagnoses have differing frequencies of travel consid- 
eration. Genitalia and breast problems, musculoskeletal and connec- 
tive tissue, dental difficulties, and accidents form the categories with 
the highest proportion of cases considered for transfer (about 15 
percent). For the five most common diagnoses the proportion of 
"travel consideration'' is quite different, accidents and ill-defined 
symptoms having the higher rates. (Table VI-9) 
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Table Yl-'9 Percentage of Cases with Iravel Consideration 

for the Five Most Cociimon Probleris 



Total Number Percentage Consid ered 
Consultations Not Routinely Authorized 
Authorized Authorized urgent 



Accidents 


157 


14.0 


1.9 


1.9 


Ill-defined 
symptoms 


203 


10.3 


.5 


1.0 


Respiratory 


356 


3.7 


1.4 


.0 


Skin 


184 


2.7 


.0 


.0 


Ear 


188 


1.1 


.0 


.0 


The number of 


travel requests 


per village did 


not seem 


to relate to 



the amount of authorized travel. For example, in some villages 
travel was approved in less than 7 percent of the considered cases 
while in another village travel requests were honored 35 percent 
of the time* This has been a sensitive issue* In fact, in 
the December 1973 meeting of the Xanana Native Health Board, 
a request was made that the health aide be allowed to authorize 
travel, and authority was granted with some guidelines and con- 
straints. 

A comparison between data about "travel consideration'' and 
"travel authorization" shows a significant decrease between the 
records for the period FY 1971 and the ones for the last half 
of 1973. This decrease appears both in the number of considered 
canes, and In the number of authorized cases. Hov;ever, data about 
ho&pltal adirisslons, showing no significant differences between 
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those two periods (Ch. VI* C,), reduce the meanlngf ulness of 
that change. In fact, the doctors at the Tanana Hospital said 
that reductions in travel authorizations were due to budget limi- 
tations. Such limitations could also have caused the reductions 
In the number of cases in which travel was considered but not 
authorized. Knowing the restrictive policy about authorization, 
the health aides would probably not consider many cases for which 
they would otherwise have requested authorization. 

However, the fact that admissions to Tanana did not decrease 
si^gpoftts ll(at a similar number of people traveled from their vil- 
lages to the hospital. The doctors consulted said that even 
if the payment of the travel is not authorized over the radio, 
the people travel on their own, and once at the hospital they 
try to be refunded. As a matter of fact, given the financial 
restrictions, the doctor said that the authorizations to travel 
at IHS expense during 1973 were reduced to only those cases 
in which the patients needed to go to the hospital for clin- 
ical reasons, but were financially unable to do so. 

VI. B. THE HEALTH AIDES 
VI.B.l. Background 

How do the health aides function in this biomedical communi- 
cation system, and how does ability to communicate regularly with 
the doctor affect the services they provide to the villagers? 

Alaskan health aides number 185 indigenous auxiliary workers, 
ftprvfng In 156 remote villages. In the words of a previous director 
of the Alaska Area Native Health Service "These community health 
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aide8, practically all of whom are of native extraction, are the true 
cornerstone of the health delivery system," (Wilson, 1972) They nro 
selected, supervised and paid by their own village councils, and 
the Public Health Service contracts with the villages for their 
monthly services (monthly salary: $400-$530), They are trained 
in Anchorage, Bethel and Nome for a few weeks, and they continue 
their training in the villages, guided by visiting public health 
nurses. The total period of formal (not "on the job") training 
runs eleven weeks and is divided into four sessions. Each session 
is planned so that the aide will not have to be away from home and 
faT)dly for more than four weeks at a time. Curriculum is problem- 
oriented and consists of approximately fifty percent practical 
clinical teaching. Most aides have completed training 
at the third level. The aides are provided with a selection of 
appropriate drugs with detailed instructions. Practically all of 
them have In their kit an otoscope, thermometer, stethoscope, baby 
scale, sphygmomanometer, and herooglobinometer , They have and use 
occasionally the "Health Aide Manual." Cold spots of the house 
serve as regrigerators • They have had (in 1^72) an average of 
about eif^ht years of experience on the job and their formal educa- 
tion on the average has been at the elementary school level. The 
average ago in 1972 was years. They tend to stay on the job as 
health aides for a long time and since their work and family are 
In the village their migration is small. This contrasts sharply 
with the high turnover of highly trained medical personnel In rural 
Alaska. The public health nurses and physicians from the hospital 
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visit each village about ten timer a year, providing ambulatory 
care and advisory service. (Haraldson, 1973a) 

The community health aide is responsible for all health care 
during the long periods of time when there is no physician or nurse 
in the community. This responsibility includes first aid and 
services for acute illness and injury and care of chronic diseases. 
The aide may attempt to contact the Service Unit Hospital daily 
during scheduled medical traffic. Most aides have access only to 
HF radio. 

As is showi\ later in this chapter, except for the villages 
that have a link through the satellite radio, contact with the 
doctor is not as frequent as is desirable. In the Tanana area, 
the health aides equipped with satellite radios contacted a doc- 
tor an average of 24 days per month, while the aides using HF 
radio contacted the physician only about twice a month. 
Dr. Fortuine reports better performance for the HF radio system in 
the Bethel Service Unit. (Fortuine, 1969) The shorter distances 
between villages and hospital and the more southern location of the 
Unit probably account for that difference. 
VI. B. 2. Results 

How did the health aides use this improved means of communication, 
and what are its effects on the health care provided? 

A typical health aide with a satellite radio makes 309 contacts 
per year, including 250 patient consultations and 281 medical 
administrative matters. In an average month, with about twenty 
consultations I fourteen refer to acute problems, four to acute 
followups, and two to chronic management. (Table VI--4) Meanwhile, 
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the health aide at the non-satellite villages In the Tananu re^'. ion 

consults on only about twenty cases annually . (Table 

VI-1) 

Information recorded by the doctors about each case shows that in 
half of the cases the consultation results In minor or major changes in 
the health aide's management plan for the patient. (Table VI-5) These 
data agree with the opinions given by the health aides at satellite 
villages. Eight out of nine said they changed treatment some of the 
time after the conversation with the doctor. In the non-satellite 
villages, the proportion of such answers was the reverse, and most 
said *'never" when asked how often treatment is changed by radio 
consultation. These answers may be more a reflection of frequency of 
doctor contact than the content of the consultation or the aiders 
competence. A health aide who can never reach the doctor will never be 
able to change treatment as a result of talking to the doctor. (Hudson, 
1972) 

The doctors reported that, in their opinion, in nearly 60 percent of 
the cases, the consultation would have a definite effect on the outcome, 
related to the future well-being or prevention of disability of the 
patient. (Table VI-8) 

It was practically impossible to get the busy health aides to fill 
out additional records of their activities* The following data have 
been gathered from the records of Bertha Moses at Allakaket, for the 
months of January and February 1973. As her activities fall close to 
the statistical mean for most of the indicators of health aide 
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communlcat ion behavior, these data can be considered representative of 
U\e ample. 

The patients discussed over satellite radio do not comprise the 
etitire spectrum of patients managed by the health aide. The records of 
the ^^representative" health aide in a satellite village showed that in a 
two-tnonth period she served about 40 percent of the village pop- 
ulation, and that in two-thirds of the cases the patients seen were 
discussed with the physician during doctor-call. The records also show 
that in her case just one radioconsultation was enough to handle the 
case fn three out of four individual patients. 

For some kinds of situations, the health aide tended to rely more 
upon the consultation with the doctor, and in others, independence was 
the rule. Otitis media, respiratory problems and dermatological 
problems were the categories about which she felt it necessary to . 
consult. On the other hand, with gastrointestinal problems, for 
Instance, management was usually accomplished independently. 

In terms of therapy, there were two distinct categories: first, 
those In which the health aide consulted most of the time 
(antimicrobials, antibiotics and sedatives); and, second, those in which 
autonomous function was the rule in more than two-thirds of the cases 
(analgesics, antihistamines, toplcals). 

VI.B.2.a. The importa nce of having th e transceiver at the 
health aide's home ; Tiansceiver accessibility is a factor in the 
frequency of radio contact with consultant physicians. Physical and 
psychosocial barriers may be Imposed when the radio is located outside 
the health aide's home In locations such as the school or the community 
hall. 
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The transceivers in the satellite villages were all installed at 
the homes of the aides. Some of the HF radio transceivers in 
non-satellite villages were located outside the aide's homes, and some 
in their homes. It was therefore possible to make a comparison between 
the latter locations. This comparison of usage based on location showed 
that when the transceiver is located outside the health aide's home, 
tne proportion of contacts completed is reduced by half. (Table V-2) 
However, the best rating for number of contacts completed for radios in 
the home iu non-satellite villages, 42 percent of the days, is signifi- 
cantly smaller than the worst rating for satellite villages (64 
percent). It would appear, therefore, that although location of the 
radio in the aide's home increases the number of completed contacts, 
radio reliability is still the most important factor* 

VI. C. EFFECTS ON HOSPITALIZATION RATES 
VI.C.l. Background 

This chapter discusses the effects of improved health care 
communication for Alaska villages on hospitalization rates. 

It is difficult to find good health status indicators for 
these villages concerning health care delivery or the population's 
health. One possible indicator is the number of native patients 
from the villages who are admitted as inpatients in the main hospi- 
tals serving the natives of that Service Unit, and the average 
length of their stay in the hospital. 
VI.C.2» Methodology 

A comparison of the differences in number of patients and 
average length of stay during the year before and the years after 
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the satellite gtound stations were Installed, with those native 
villages in the Service Unit without satellite radios as controls, 
would satisfy most of the conditions of a quasl-experlnental design 
of the form "pre-test/post-test with control group.'* (Campbell and 
Stanley, 1966, p. 13) 

The villages reached by the satellite radio were not selected 
at random; therefore, It Is possible that the satellite and non-sat- 
ellite villages have dissimilar characteristics. We know, for in- 
stance, that the mean population varies from the experimental 
gro^jp to the control group, the latter consisting of significantly 
smaller villages. (Experimental group, native population mean, 
139; control group, native population mean, 9Ai) In these analyses, 
the differences are assumed to have no Influence over the pro- 
portion of people who go to the hospitals from each of these villages. 

In the control group, all the remaining villages with pre- 
dominantly native population in the Tanana Service Unit were Included. 
(See Table VI-10 and Attachment VI. 4) 

The Tanana Hospital and the Anchorage Native Medical Center are 
the main providers of hospital care for native people in these 
areas. However, they are not the only hospitals used. Two hos- 
pitals at Fairbanks are often used, and some natives prefer to go 
to private physicians. However, we have considered the two analyzed 
hospitals for which data are available, Tanana Hospital and Anchorage 
Native Medical Center, as representative of the group for this pre- 
post analysis. 
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Table VI-10 Population of the Villages 



Total Total Average Mean of total 

Population Native Native native popula- 

Populatlon percent tion per village 



Satellite Villages 95.93 139 



Allakaket 


174 


168 


Anaktuvuk Pass 


99 


97 


Arctic Village 


85 


82 


Chalkyitsik 


130 


123 


Huslia 


159 


151 


Nulato 


308 


298 


Ruby 


145 


134 


Stevens Village 


74 


72 


Venetie 


112 


108 



Non-satellite Villages 76.06 94.2 



Beaver 


101 


86 


Cantwell 


62 


43 


Circle 


54 


32 


Eagle 


86 


65 


Hughes 


85 


73 


Kaltag 


206 


193 


Koyukuk 


124 


121 


Mlnto 


168 


159 


Nenana 


362 


149 


Rampart 


36 


21 



1,283 942 



85.49 



114.5 



The data for the following analyses have been generously supplied by 
Theodore Vieira, Director, Office of Systems Development at the Alaska 
Area Native Health Service. These data refer to the patients admitted 
to those hospitals during the Fiscal Years 1969/70, 1971/72, and 1972/73 
(FY 1970, 1972, 1973). In the original data, the cases are classified 
into 72 categories of primary diagnosis* We ]jave collapsed these 72 
categories into 21 groups following the code being used by the Native 
Health Service. (Secondary and tertiary diagnoses have not been 
considered.) In some of the analyses, we have grouped diagnoses: 
those in the first group have a clear, physiological origin and 
manifestation (digestive, respiratory, circulatory, etc.); a second 
group includes problems related to socio^behavioral events (mental 
disorders, results of accidents, poisoning, and violence); a third group 
includes all admissions related to conditions of pregnancy and delivery; 
and a last category, a residual one, includes the patients diagnosed as 
"symptoms and ill-defined conditions'' and those admitted for 
supplemental care. (A list of categories included in each group is 
enclosed as Attachment VI. 8.) 

VI. C. 3. Analysis of the Results 

VI.C.3.a. Admissions : Comparing the number of patients from 
satellite villages admitted to both hospitals before and after the 
installation of satellite ground stations shows that there was 
no significant change and the overall trend shows stability. (Table VI-11) 
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Table VI-11 



Patients Admitted to both Hospitals Who Reside 
in Satellite Villages 

(all diseases) 



Before 
FY 1970 



FY 1972 



After 



FY 1973 



Xanana Hospital 
ANMC 

Both Hospitals 



197 
58 

255 



230 
48 
278 



198 
78 

276 



The same kind of stability appears if we separate the different 
groups of diagnoses as described In Attachments VI. 5, VI. 6, and VI. 7 
and as shown in Table VI-12, below. 



Table VI-12 



Patients Admitted to both Hospitals who Reside 
in Satellite Villages According to Different 
Groups of Diseases 



Before 
FY 197.0 



FY 1972 



After 



FY 1973 



16 Categories of 

diseases 131 

Soclo-behavloral 

problems 57 

Pregnancies 21 

Ill-defined symptoms 
supplemental care A6 



lAl 

44 
21 

72 



134 

55 
23 

64 



Totals 



255 



278 



276 



-81- 



However, when these figures are compared with the ones corre-* 
sponding to the non-sacellite villages, the control group, it Is 
clear that there are different trends influencing the groups. While 
the figures for satellite villages remain stable, the number of pa- 
tients hospitalized in native facilities from the non-satellite group 
drops 42 percent from February 1972 to February 1973. (Table Vl-13) 



Table VI-13 Patients Admitted for All Diagnoses in both 

Hospitals, Residing in Satellite 
and Non-satellite Villages 



Before After 
Satellite Satellite 
FY 1970 ^ FY 1972 FY 1973 



Satellite villages 

(experimental group) 255 278 276 

Non-satellite villages 

(control group) 185 182 109 



What is the reason for that sudden drop in 1973 in the number of 
patients admitted to ANMC and Tanana Hospital from non-satellite 
villages? There is no evidence from the available data about a sud- 
den reduction in the population of the control villages, nor about 
a major improvement in their health level in absolute terras nor In 
comparison with the group of satellite villages. Therefore, those 
hypotheses as possible explanations of the drop in admissions for 
the control group seem very unlikely. One alternative hypothesis 
can be suggested: Many patients in non-satellite villages could 
have switched to Medicare and/or Medicaid, an option for natives intro- 
duced during 1972. Directed from Juneau, these services provide free 
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medlcal services for some persons with low income, the blind, the dis- 
abled, the elderly, and families with many dependents, usually through 
private facilities and physicians. 

This hypothesis implies that the villages served by satellite radio 
prefer the IHS system to the private care sector, while those served 
by the IHS, but without the satellite link between village and 
hospitals, are shifting their utilization to the private sector now that 
financial barriers have been removed. 

There is an additional Indicator suggesting the viability of this 
hypothesis: the number of female villagers who have chosen the IHS 
hospital for pregnancy treatment and delivery • Table VI-lA shows these 
figures. 



Table VI-14 Admission for Pregnancy Problems and Delivery 
in both Hospitals from Satellite and Non- 
Satellite Villages 



Before After 
Satellite Satellite 
Patients residing in FY 1970 FY 1972 FY 1973 

Satellite Villages 21 21 23 

Non-satellite Villages 10 14 1 



One alternative hypothesis was proposed as an explanation: 
the influence of the white villagers in the control group on their 
fellow native villagers. Whites who had previous experience with 
Medicare and Medicaid may have advised the natives to use them when 
they became eligible in mid-1972. Given that in several 'control* 
villages the proportion of whites is higher than in the other 
'control^ villages, this explanation seemed plausible. Therefore 
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It was tested by comparing the villages with at least 30 percent 
white population v^j. those with less than 30 percent white 
population, for their admission rates to the Indian Health Service 
Hospitals. If the "more than 70 percent native^' villages had no 
decrease in admissions » while the ''less than 70 percent native" villages 
had a decrease this would suggest that the preference for Medicaid and 
Medicare over the IHS hospital was at least sparked by the white 
villagers' advice or other influence* The data show that there 
was no demonstrable difference. The drop was equally great for 
both groups of villages. However, there were variations between the 
hospitals, with Tanana showing the greater drop. 



Table VI-^IS Admission to Hospital of Native Inpatients 

Residing in Control Villages 



Tanana Hospital ANMC Both Hospitals 

'70 '72 '73 '70 '72 '73 '70 '72 '73 



More than 70% 
native villages 
(Kat.pop: 92A%) 

(n: 5 villages) 103 129 66 40 29 28 143 158 9A 

Less than 70% 
native villages 
(Nat. pop: 46. 3^,) 

(n: 4 villages) 10 11 5 25 17 10 35 28 15 
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As there is no evidence of differential trends in birth rates, and 
as both groups otherwise are similar in distance to the hospital, ac- 
cess to other services, Medicaid and Medicare, percentage of native 
population, and air transport facilities, it is possible to suggest 
that improved telecommunication has resulted in higher acceptability 
of the IHS system and preference for it, when the choice of private 
services is available on an equal-cost basis. 

An additional hypothesis is that the villagers at the control 
villages could have left the service in higher proportion because they 
felt left out of the mainstream by not being included in the satellite 
network. It would be interesting to control for the behavior of 
villagers outside the Tanana Unit, to be able to generalize the trend 
detected for the control villages in the Tanana Uniti The necessary 
delay in obtaining that additional data prevented us from doing that 
analysis . 

VI.C,3.b» The average length of stay ; Another indicator of the 
possible effect of improved telecommunication on mc^dical care was the 
change In the average length of stay (ALOS) of the patients at the 
hospital. A plausible hypothesis is that with dally access to the 
doctor, the cases requiring hospitalization can be detected at an 
earlier stage, and therefore would require shorter hospitalization. 
Also, ease of follow-up by radio might encourage the physician to 
discharge patients earlier. For this comparison, we have chosen the 
group of "16 categories of medical diseases" as the best indicator, 
because they account for 60 percent of the 16,254 hospitalization days 
and for 52.5 percent of the patients reported for the three years unde 
study. 



Table VI-16 Average Length of Stay of Patients before and 

after at Tanana and ANMC Hospitals (In days) 



Before Satellite After Satellite 

FY 1970 FY 1972 FY 1973 



TANANA HOSPITAL 

^Satellite Villages 8»3 8.3 11.7 

Non-satellite villages 6»8 10.6 13.6 

ANMC 

Satellite villages 26,9 19.7 17.6 

Non-satolJlte villages 29*2 21.4 22.7 



The analysis of the data shows that the trends for each hospital differ. 
In the Tanana Hospital^ where the less complex cases are treated, the 
ALOS has increased in the four year period between 1970 and 1973. At 
the AN>IC, where the most complex cases are treated, the ALOS has been 
reduced* (Table VI-16) Two main reasons seem to account for these 
overall trends. First, in 1970 the quality of physician care at Tanana 
Hospital was not as high as it is at present; hence » many more cases 
were transferred elsewhere (e.g. to the Anchorage Native Medical 
Center). Second, the availability "of beds at Tanana at lower cost to 
the IHS than contract payments to Fairbanks has resulted in long-tern 
patients being transferred to Tanana* 

It is interesting that in both cases the ALOS is lower for satel- 
lite than for non-satellite villages. Furthermore, for the satellite 
villages, both the increase at the Tanana Hospital was smaller, and the 
decrease at ANMC was greater, than the parallel comparisons for the 
non-satellite villages. However, it would be dangerous to infer too 
much from these figures, because their statistical significance Is 
9 tenuous, and because there are no figures available about patients from 
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non-sate) ] ite villages who may have left the Indian Health Service to 
seek care from private physicians and hospitals. It is not possible to 
assert confidently that the sample for 1973 is comparable to the one for 
1970. For instance, the patients may seek care through private sources 
for their less serious ailments* 

These differences appear also for the category of supplemental care 
and ill-defined cases (19.5 percent of the total number of patients and 
11.7 percent of the total hospital days). There were no identifiable 
changes in the ALOR which can be related to the satellite link for the 
admissions due to pregnancy and delivery, nor for the socio-behavioral 
cases. Favorable trends that appeared in the first year, even 
statistically significant ones, did not hold for the fiscal year 1973, 
the second year after the satellite ground stations were operating. 
VI. D. CONCLUSIONS 

Although the data in Tables V-1 — 3 show dramatic increases In 
the frequency of contact and the number of new cases treated, they do 
not in themselves demonstrate Improved health care. Given the 
small number of villages involved and the difficulty In record- 
keeping at the village level, it Is not easy to demonstrate 
a statistically significant improvement in mortality or irorbidity 
rates. Nevertheless, the data do show that health aides 
can consult a doctor on most days when there is a patient in need 
of medical attention, and that the number of cases treated by Pub- 
lic Health Service doctors has significantly increased. In the 
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flrst-year evaluation report, the only additional supportive data 
were responses of doctors and health aides to a Stanford question- 
naire, In which ail said that they were convinced that the quality 
of health care had Improved. 

Additional data and analyses now reinforce the conclusion 
advanced In previous reports that health care has improved as a 
result of satellite radio cotomunlcatlon. There has been an Increase 
In supervision ; health aide records show that health aides discussed 
two out of three of their cases with the doctor Including the most 
complex or Important ones. These resulted in Increased professionalism 
In the diagnoses and treatment » as well as Increased changes In the 
management plan of the patient. The absolute number of completed con- 
tacts and episodes consulted Increased up to 500%, In terns of 
efficac y, there was an Improved capacity to handle emergency cases and 
to solve administrative and supply requests. In terms of inferred 
outcomes , significant positive effects were expected 
as a result of the consultations* In terms of consumer acceptance , 
anecdotal and indirect information about patient reassurance suggest 
an increase in acceptance* In terms of loyalty or adherence to the 
s ystem , tentative findings suggest that residents in satellite 
villages tend to remain in the IHS system* while residents In villages 
without reliable medical communication may select alternative sources 
of health care. Taken as a whole, this evidence supports the chain 
of inference that improved communication between doctor and health 
aide leads to improved health care. 
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CHAPTER VTI 

EVALUATION OF HEALTH AIDE EDUCATION VIA SATELLITE 

VILA. BACKGROUND 

The health aides have their forinal training at the ANMC in 
Anchorage in four one-month-long sessions. But, at least as impor- 
tant for their medical education, is the on-the-job tvaining. The 
visiting doctors, nurses, and specialists cooperate with them and 
offer their knowledge to the aides* 

It was considered that the daily consultation with the doctors 
could have an educational effect on the health aides using the 
satellite. They not only discuss — although briefly and in a pre- 
scriptive raode (see Recommendations, Ch. XII) — their own cases, but 
they also listen to the cases discussed between the other health 
aides and the doctor. 
VII. B. METHODOLOGY 

To study whether or not the radio consultation service had had 
a learning effect on the health aldes» their performance in terms 
of treatment plan confirmation or modification by the doctor was 
compared. (Ch. VI.A.A.f) It was assumed that if the health aides 
who had been using the satellite radio longer had a higher conf lr~ 
mation-to-change rate than those who had recently started using 
them, given equal training and practice, the difference might be 
due to the knowledge they acquired listening to the doctor-call 
every day. 
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Ihe nine health aides who had used the satellite since August 
1971 were compared with the four health aides who had begun using 
the satellite about three months prior to the period under analysis. 
VII. C. RESULTS 

The results show a minor difference in favor of the more experienced 
aides. 



TABLE VII-1 



Comparison between Health Aides with Varying 
Experience in Satellite Radio Usage (in per- 
centages) for period July - December 1973 



Doctor 8 Response to 
Health Aide Management Plan 
Confirmation Suggestion Minor Major 

Change Change 



More experienced health 
aides (since August 1971) 



29*9 



20. A 



17*8 



31.9 



Less experienced health 
aides (since April 1973) 



25.0 



20.0 



21.3 



33.8 



Number of Cases « 1|574 



Unreported = 430 



Total « 2,004 
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It is possible to suggest that in the first few roonths the health 
aides who listened to one daily hour of medical communication 
quickly reached a plateau after which incremental learning 
was slight. Since this part of the evaluation did not begin 
until three months after installation in the four new sites, 
an early, more apparent difference may have been missed. 

The answers to the questionnaires for health aides (Hudson, 
1972) gave additional information about learning. While 
six of the nine health aides using satellite radio could 
name something specific they had learned from listening to 
medical traffic> none of the aides from the non-satellite vil- 
lages could think of anything they had learned. Among the ex- 
amples given from the satellite villages were: 

"If otitis media has not stopped draining at 7 days, the 
antibiotics should be continued and not stopped; also 
cortisporin should be continued,'* 

'^Penicillin Is wasted for colds* Triple sulfa may caufie 
kidney stones if people don't take lots of water,** 

A health aide commented: "l learn a lot from listening to other 
health aides report things. I try to answer it myself and see if 
I am right," 



CHAPTER VIII 

EVALUATION OF DOCTOR-TO-DOCTOR CONSULTATION BY SATELLITE 



VIII. A* THE ST. PAUL-ANCHORAGE LINK 

St. Paul and St. George, the main Prlbilof Islands (1970 
population 613, of which 58A are natives), are located in the 
Bering Sea between the Bering Strait and the Aleutians, about 
300 miles west of the Alaska mainland. The doctor lives on 
St. Paul, the larger of the two islands. St. George loland, 
AO miles away, is staffed by one registered nurse. Transportation 
between the two is via Government supply ship four times a year, or 
by charter aircraft, weather permitting. HF radio links the Islands. 

The 613 inhabitants of St. Paul and St* George Islands in the 
Bering Sea are served by one physician. The ATS-1 satellite 
now links this physician to the Alaska Native Medical Center In 
Anchorage. The satellite channel is available on a daily basis 
for consultation between the physician and his specialist col- 
leagues, and for administration and travel requests. 

In this section data are analyzed to assess the value to the 
islanders of this service which provides direct access to the med- 
ical talent centralized 800 miles away in a large regional refer- 
ral center. 

The evaluation focuses on three topics: 

1. Reliability of the service: Is it possible to contact 
the specialist soon enough to make a difference to the 
case and as frequently as the case requires? 
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2* Capacity of the service; Is It possible to trnnsfet all 
the necet5sary Information within the llniltotions of the 
channel? 

3» Utility of the service; Does the communication make a 
difference in the treatment and outcome of the case? 
The data shov that the satellite link is providing relia- 
ble comunication with sufficient capacity to handle the Informa- 
tion required by the remote doctor for iriost patient problems, and 
that thJs service is significantly affecting their care and treat- 
ment. 

The following Is a summary of thK findings which are analyzed 
In detail In the forthcoming sections. 

The communication link was used on two- thirds of the days in 
the period under analysis. 

All contact had signal quality ranked in the two top cate- 
gories for both strength and intelligibility. 

In an average month there were six patient consultations and 
abotit fifty administrative exchanges. 

The average time elapsed in a patient consultation was six 
minutes, and three minutes for each administrative matter. 

The annual rate of consultation is about 130 per thousand 
population. 

Most of the consultations referred to moderately severe prob- 
lenis, with potential of deterioration to disability or mortal- 
ity. The cases were moderately urgent > but not urgent enough 
to make a delay of a few days to one week in the consulta- 
tion result in **predicted significant deterioration,*' 
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Treatment and diagnosis were the most conmon primary pur- 
poses of consultation with patient motivation and reassur- 
ances being almost insignificant! but H.D. reassurance 
was also considered significant in hrlf of the cases. 

Transfer of the patient and/or change or institution of treat- 
ment were the typical results of the consultation. 

In all but one case for which the remote doctor suggested a 
transfer, his opinion was confirmed by the consultant. 
In several other cases> the consultant suggested a trans- 
fer, although the remote physician previously had not 
thought it necessary. 

In the doctors' opinions, in most cases neither facsimile, 
EKG, nor audiovisual transmission would have materially 
improved the consultation. In 20 percent of the Instances 
the consultant thought the latter feature would probably 
have been valuable. 

The consultant doctors rated the value of the contact as being 
moderately to very valuable in the management of the specific 
patient, while the doctor at St, Paul tended to be slightly 
more conservative in his ratings. 

There was a similar discrepancy bett^een the remote physician 
and the consultants on the effect of the consultation on 
the predicted outcome. The consultants asserted that in most 
cases the consultation would have a definite effect re- 
lating to future well being or prevention of disability, 
while the St. Paul doctor recognized some effect, but was 
more skeptical. 



-94- 

VIII. E. METHODOLOGY OF ANALYSIS 

The two basic sources of Information used in thit: analysis were the 
logs of. the Minltrack station at College containing data about daily 
contacts, signal quality, message content and time elapsed, and the 
responses to questionnaires filled out by both the doctor on St, Paul 
and the consultants at the ANMC, 

The Minitrack log analysis covers the period between February and 
Deceir^ber 1973. The questionnaires were filled out between August and 
December 1973. During this latter period there were thirty 
teleconsultat ions between St. Paul and Anchorage. Copies of the St. 
Paul doctor's questionnaire and the ANMC consultants' questionnaire are 
Attachments VIII. 1 and VIII. 2. The consultants reported on 29 
consultations and the St. Paul doctor on 17. Together they covered 
all thirty teleconsultations for that period, 
VIII. C, ANALYSIS OF THE RESULTS 
VllI.Cl, The Exchanges 

There was radio contact between the doctor at St. Paul and 
the consultants at the AMC on roughly two-thirds of the days in 
the reported period from February to December 1973 (186 out of 307). 
Practically all the contacts had a signal quality ranked in the 
two top categories on a scale of five for both strength and in- 
telligibility. There was an average of six patient consultations 
per month, each one about six minutes long. A typical month also 
had 53 administrative exchanges (about two per day), for a duration 
of nearly three minutes each. 

Compared to the Tanana Village health aide-to-doctor exchanges, 
the doctor-to-doctor exchanges were less frequent, twice as long, 
and concerned a smaller proportion of cases. 



Table VIIN] Comparison between Aide-to-Ooctor and Doctor- 

to-I)octor Exchanges 



Aide-to-Doctnr Doctor-to-Doctor 



Annual patient radio con- 
sultation per capita 2.0 0.13 

Minutes per contact 4 12 

Minutes per patient 

consultation 3 6 

Minutes per administrative 

matter discussed 1 3 



"ihe smaller number of cases and the longer time in the doctor- 
to-doctor exchanges probably reflect the fact that the doctor 
needed to consult on only his most complex cases, and that his 
adtiiinlstratlve requests required a more detailed interaction, espe- 
cially because most of them dealt with the building of the new clinic. 
VIII. C. 2. Description of the Cases Consulted 

A wide range of problems was covered by the consultations (list 
of diagnoses attached as Attachment VIII*3). The doctors rated cases In 
terms of severity of the problem, urgency and purpose. All thirty 
consultations during the period are included in the analysis. 

VIII»C.2.a. Severity ; On a five-'point scale describing severity of 
the symptoms and the potential for deterioration and mortality, both 
the consultants (in 55 percent of the cases) and the St. Paul 
doctor (in 35 percent of the cases) marked the middle category 
more times than any other. 

About 10 percent of the cases were considered severe problems 
of life- threatening proportions, and about five percent were a 
simple question. 
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The cases of greatest severity were diagnosed as carcinoma 
of the colon-rectum, a coma of unknown etiology, pancreatitis, 
and a perforated ulcer. In the next most severe category they coded 
ischemic heart disease, a ruptured ocular globe^ and a gastro- 
intestinal hemorrhage. (Table VIII-2) 

VlIl,C.2,b, Urgency of the cases ; A delay of Just one day in 15 
percent of the cases would have meant substantial risk to the patient 
In the doctor's opinion. For another 45 percent of the cases, a 
delay of a few days might have resulted in significant worsening, 
and for the remaining 40 percent, the reports indicated that a 
delay of one v^eek would not have affected the outcome. In 
summary, 85 percent of the cases could have been delayed at least 
two or three days with no significant risk. 

Considering the proportion of days contacted and the estimate 
that in only 15 percent of the cases (Table VIlI-3) a delay of up 
to a day would have meant a substantial risk to the patient, it 
can be asserted that in nearly all cases consultation was obtained 
as soon as it was required. 

However, in one case (out of thirty) the remote doctor had to use an 
HF radio to consult about a perforated gastric ulcer. This was the only 
case of a critical emergency in the whole period. That particular 
transmission was on a Saturday, when there is normally no satellite 
consultation with AN>IC. The quality of the HF radio transmission was 
very poor. 
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VIII •C.J, The Content of the Radloconsultatlons 
VIir.C.3»a. Metho d ology 

i 

In August 1973, nev? forms were introduced to enable more elaborate 
evaluation of the doctor-to-doctor exchanges (see Attachments VIII ,1 and 
V11X*2), For each consultation, both the doctor at St* Paul and the 
consultant physician at ANMC had to describe or evaluate the severity of 
the case, its urge^icy, the purposes of the consultation, and its 
result in terms of suggestions, management of the patient, and pre- 
dicted effect on the outcome. 

VIII.C.3.b* Analysis of the results 

During the five months reported (August to December) there were 
thirty patient consultations evaluated by either one doctor or 
both. About half of them (16) were evaluated by both doctors, al- 
lowing a contrast of their opinions as an indicator of the reliabil- 
ity of the data, and a comparison of their different perspectives. 

In that flve-^month period, the Isolated doctor on St. Paul need- 
ed to consult about topics In general medicine in one-third of the 
cases. Seven other specialties accounted for the other two-thirds 
(surgery, orthopedics, pediatrics, mental health, obstetrics- 
gynccology, otolaryngology, and ophthalmology) ♦ Eighteen different 
specialists from ANMC were his consultants. 
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Table VlIl-2 Severity of Cases Requiring Teleconsultatlon 



St. Paul Doctor Consultant 
According to n » 17 n » ?.9 



1. A simple question about an es- 

sentially asymptomatic individual^ 
i.e., about medlcationi preven- 
tive management, such as immuniza- 1 1 
tion or the use of a household 
remedy. 

2. Evaluation of a minor but symp- 

tomatic problem relating to a 
particular organ systemi for in- 
stance URI or urinary tract In- 
fection with little potential to 

become a severe problem and .little 4 4 

potential for mortality. 

3. Evaluation of a moderately severe 

problem with potential for deter- 
ioration to a severe problem or to 6 16 
disability or chronic disease with 
moderate potential for mortality, 

4. Evaluation of a problem producing 

severe symptoms or potential dis- 
ability or a chronic process with 5 4 
a high potential for mortality. 

5. Evaluation of a severe problem of 

life-threatening proportions 1 4 



Table VllI-3 Urgency of the Cases Consulted 



Urgency of the consultation according to: St. Paul Doctor/Consultant. 

n = 17 n 29 



1. Not at all urgent — delay of one week 

would not affect outcome re: health 

status 5 14 

2, Some urgency — delay of a few days 

might result in significant wor- 
sening 8 11 

3» Urgent — a delay of 24 hours would 
have r.eant substantial risk to 

patient 2 2 

^* True cniergency existed 1 1 

5. response 1 1 



VIII. C. 4. Purpose of the Consultation 

''Treatment*' (100 percent of cases) and "diagnosis" (75 per- 
cent of cases) were the raost frequent primary purposes, or "also 
significant" purposes mentioned by both the consultants and che 
St. Paul doctor, '^Preventive management" was also often rated 
as a prinary purpose. 

On the other hand, patient reassurance, and patient njotiva- 
tion were in most cases considered to be of little or no sig- 
nificance. (The St. Paul doctor rated 76 percent and 65 per- 
cent of the cases in these two categories, respectively.) 
Vlll.C.S. The Doctors' Evaluations of the Radioconsultation 

Three main questions about the value of the consultation in terms of 
management of the patient, objective results (such as changes, 
suggestions^ transfer), and effects on the predicted outcono were asked. 
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Both the consultants and the St. Paul doctor agreed on the objective 
results, but the consultants tended to rate higher both the value of the 
contact for the management of the specific patient and its effects on 
predicted outcomes* 

Vin.C»5*a. Objective results for Tnanagement 
Transfer of the patient (arranged or suggested) was the 
most common result of the contact, occurring in about half of 
the cases. Modification of the treatment was the effect In 
abovt one-third of them; no changes in management, or merely 
suggestions about diagnostic studies occurred in the remainder; 
the remote doctor expressed his feeling that even In these cases 
the consultation was reassuring. 



Table VlII-4 Objective Results of the Consultation 

for Management 

Results of consultation*according to: St. Paul Doctor/Consultant 

n « 17 n « 29 

No change in management — 
econmended A 4 

Diagnostic studies sug- 
gested 3 9 

Change or institution 

of treatment 5 10 

Transfer arranged or 

suggested 9 12 



*More than one category was checked for some consultations 
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V 1 1 1 . C. 5 * b . Subjective evaluation o.f the coneuUatlou tg 
terr;\s of tnanafeement 

The Consultants tended to rate the value of the contact In n^anaRe- 
ment of the patient higher than did the St* Paul doctor* The con- 
sultants rated practically all the cases "very valuable" or "reod- 
eratft.ly valuable" while the St. Paul doctor gave lower ratings. In 
fact, for about half the cases, he stated they were of minimal value. 
However, in more than two'-thlrds of the cases change of location or 
of treatinent resulted from the consultations. Only further study 
could assess which opinion, the consultant's or the remote physician's, 
is more accurate. 

Vllt.C.S.c. Effects on predicted outcome 

Again, the consultants were more favorable in their predictions, 
stating that the consultations should have "a definite effect relating 
to the future well-being or prevention of disability" in 48 percent of the 
cases, and "some effect probably only relative to syT\.ptoms, prob- 
ably not Influencing future disability" in only 27 percent* Ten 
percent of the case^ were placed in each of the extreme cate- 
gories of "no effect on eventual outcome" and "marked effect pos- 
sibly life-saving or prevention of major disability" by both doc- 
tors. Cases of angina, metabolic coma, hyperventilation, and a 
perforated gastric ulcer were those in which the consultants pre- 
dicted a marked Kajor effect. Out of the 16 cases rated by both 
doctors, seven were rated identically. In eight the consultants 
predicted a greater effect than did the remote doctor. 

ERLC 
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TABLK VllI-5 



Effects on Predicted Outcomes 



According to: 


St. Paul Doctor 
(n « 17) 


Consultant 
(n - 29) 


No effect on eventual outcome 


1 


3 


Some effect probably only rela- 
tive to symptoms} probably not 
influencing future disability 


10 


8 


Definite effect relating to 
iululb W6XJL Dcxng or prevencxon 
of disability 


4 


14 


Marked effoct possibly life- 
saving or prevention of major 
disability 


1 


4 


No response 


1 
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VIII. C. 5. d. The need for additional communication capabilities 

Satellites are technically capable of offering more than voice 
transmission for medical teleconsultation (e.g.| facsimilei ECG 
and video transmission) . But are those additional features 
considered beneficial by the doctors? 

It is hard to generalize about the convenience of hypothetical 
features^ and in this sense the following statements by the con- 
sultants and the St» Paul doctor are less relevant than the opinions 
of those who have actually used the features. On the other hand, 
the professionalism of the respondents and their agreement on 
refjponses give validity to their answers. 

In about two-thirds of the cases both the consultants and the 
St:. Paul doctor considered that neither facsimile transmission » 
ECG and/or other physiological parameters » nor audiovisual trans- 
mission would have "materially improved the consultations''. In 



most of the remaining cases (20 percent of the total) the consul-- 
tants considered that slow-scan TV one-way to Anchorage would have 
done 80, The St, Paul doctor, a hypothetical sender but not re- 
ceiver of the visual informatioHi considered it valuable in only 
12 percent of the cases. In other words, he rated his own ability 
to describe the case fully in words higher than did tho consul- 
tants. 

In the only true emergency (a perforated gastric ulcer), the 
consultant strongly asserted that a better audio transmission would 
have fncilitated the management of this patient, but an audiovisual 
transmission would have been ideal* (This consultation was accom- 
plished via an HF radio.) 

VIII*C,5.e* Differences In the perspective between the remote 
doctor and the consultant 

Both the consultants and the St» Paul doctor completed question- 
naires on sixteen of the thirty cases requiring teleconsultation dur- 
ing this period. Part of the remote doctor questionnaire was de- 
signed to be filled out prior to the contact and part to be filled 
afterwards. 

A comparison of the sixteen cases rated by both doctors shows 
that their evaluations and opinions tend to be similar in about 
half of the cases for each category. For the other half^ in the 
three more objective categories — severity, urgency, and changes in 
management — their discrepancies tend to balance each other, but 
for the more subjective categories of effects on predicted outcome, 
and value of this contact, the consultants were much more optimistic 
about effects of teleconsultation, 

ERLC 
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Table Vin-6 Comparisons between St, Paul Doctor and Consultant 



Rating on 



Agreement 



Case description 

Severity 6 

Urgency 7 

Kf feels of the tele - 
consultation on: 



Changes in 
management 

Predicted 
outcome 

Value of the 
contact 



12 



St I Pau] Doctor Consultant Missinp. 
higher I)lf»her data 



6 
4 



4 
3 



2 
1 



2 
8 
9 



In terms of the agreement about which additional feature would have 
been valuable, in eight cases (50 percent of the ones rated by both) 
both doctors agreed that none would have materially improved the con* 
sultation; in seven cases they considered different features valuable, 
and In only one case did they agree; Both felt that audiovisual 
transmission would have improved consultation for a fractured tibia, 
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TABLE VII r-7 Need for Additional 


Communication Features 


Consultation would have been 
materially improved by addition of: 


According 
St» Paul Doctor 


to 

Consultant 


Facsimile transmission 


2 


2 


ECG or other physiological parameters 


1 


3 


Audiovisual transmission (slowscan 
TV one-way to Anchorage) 


2 


6 


None of them 


12 


19 



VIH.C.6. Air Transfer of Patients 

The cost of air travel, especially on chartered flights, and its 
vital significance to health care, make it highly important to ana- 
lyze any mechanism which could improve decision-making about air 
transfer. 

The Pribilof Islands are served by one flight a week* One-way 
fare to Anchorage is $338. Chartering a flight would probably cost 
four to five times as much* 

In the doctor-to-doctor call the subject of possible transfer 
appeared in many cases. Comparison between the St. Paul doctor's 
predicLion about need to transfer prior to contact, and the opinion 
of ihv consultant during the communication, serves to measure the 
value of this link both in saving unnecessary trips and assuring 
necessary transfers. 

In eleven of the thirty reported cases this subject arose. In 
five of them the remote doctor ^s opinion differed from the 
consultants. Of those five^ four transfers were suggested or 
arranged that were not previously considered necessary by the St. 
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Paul <loctor, The fifth case waj previously rated us "nouMii^ient 
transfer n<:cossary/' but the consultation avoided that transfer. 

in six other cases, the remote doctor^s recoinmendaticn of 
patient transfer was confirmed by the consultants. Of these, only 
one was urgent. 

Based on these data, one might conclude that available radio 
consultation backup to a remote physician might increase the num- 
ber of evacuated patients. Indeed, in four instances transfer 
plans wore Initiated by the consultant when the primary physician 
had not felt that transfer was necessary. In only one Instance did 
the opposite occur, i*e., the consultant recommended that the 
patient not be evacuated when the primary doctor favored evacuation* 

Unfortunately, with the small number, general conclusions are 
not warranted^ Indeed, the appropriateness of the transfer would 

be a measure of the effectiveness of the interaction. An in-depth 

/ 

analysis of such transferred (and not transferred) patients by 
an impartial referee might be a more satisfactory approach to this 
Issue. This would require an analysis of the issues on which the 
decision to transfer was made and an evaluation of these issues 
based on the findings at ANMC after the patient was fully eval- 
uated, and was not attempted in this evaluation* 
VIII. D, DISCUSSION OF THE RESULTS 

Is it possible to generalize the results obtained from the St. 
Paul-Anchorage doctor-to-doctor exchange to other cases? What are 
their limitations? A short discussion will clarify both their pre- 
dictive power for other cases and the sources of their limitations. 
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There are two factors which can limit the validity of this 
experiment: the fact that only one doctor was the advisee, and the 
specific health conditions of the Pribilof Islanders* 

Only one doctor was the advisee, originator and principal per- 
former of the consultation* He was aware of the goals of the 
experiment. Other doctors in his situation, because of personality, 
background or experience, might be more or less willing to consult with 
specialists, might use different amounts of time for consultation, or 
might be. more or less interested in using ECG or audiovisual features in 
the exchange, etc. In an ideal experiment, a group of remote doctors 
Would have access to consultants. This was the format of the health 
aide-to-doctor exchanges in the Xanana region, with about twenty remote 
health aides having access to a doctor. They provided a range of 
personal characteristics, background and experience as medical 
coTitmunicators. Therefore, the health aide figures are probably more 
representative (see range of variation in Ch, VI. A). 

However, several arguments can be made for the validity of the 
results in the doctor-to-doctor experiment. First, the medical 
profession has standardized training and a standard vocabulary for 
discussing cases. Second, the communication behavior of the St. Paul 
doctor Is constrained by the consultants. It is not solely a result of 
his Individual pattern and Impulses* In the period under analysis, for 
Instance, he had to interact with eighteen different colleagues from 
eight different specialties. Therefore, the effects of his own 
characteristics were probably moderated by his Interaction with the 
large variety of different consultants. 
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A second restriction on the generality of the data nterus from the 
possibility that the health and sanitation conditions of the Prlbilof 
Islanders are different from those in other areas to which the data can 
be applied. This aspect should be analyzed in each particular case. 

It should also be stated that the remote doctor felt that "the 
interaction is limited by the fact that the conversation is monitored by 
nany people.*' 
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CHAPTER IX 

EVALUATION OF NURSE EDUCATION VIA SATELLITE 

i 

by Virginia Hunn Fovkes 
IX. A, NEEDS AND DESCRIPTION OF THE COURSE 

A Coronary Care course In nursing which commenced September 27, 1973 
and ended January 2A, 1974 was given via ATS-1 radio. The University 
of Alaska Continuing Education offered participating students three 
academic credits. (See Attachment IX, 1 for Course Description.) 

The Coronary Care course was selected to be given via the satel- 
lite for several reasons. Firsts it is a well-established cur- 
riculum that could easily be implemented. Second » the native health 
hospitals in outlying Alaskan villages have equipment which can be 
used for sophisticated cardiac monitoring of patients* This 
equipment includes a cardiac monitor, defibrillator and pacemaker 
component. This equipment had been used relatively little in pa- 
tient care mainly because the nurses were not familiar with its use. 
Although the numbers of patients with coronary heart disease are 
limited and therefore traditional coronary care does not occur, 
this equipment can be used for a variety of medical and surgical 
patient care needs. Therefore, it was felt that this particular 
course would provide nurses and other health personnel In remote 
areas with the knowledge necessary to use this equipment in providing 
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more sophisticated patient surveillance as well as improving pa- 
tient care generally. Additionally! nurses in these Isolated areas 
had expressed needs for continuing education^ particularly with 
the impending new licensure regulations that will require these in- 
dividuals to have a certain amount of continuing education credit 
each year in order to maintain their licensure. (See Attachment IX. 2 
for Objectives of Course.) 

Traditionally, Coronary Care courses such aa this are given 
through a Community College program or a hospital based in-service 
program. Regardless of the setting, the curriculum is fairly well 
standardized and similar to that outlined in Attachment IX. 3* 
Therefore, the only major difference between this curriculum 
and other courses is that it was given via satellite radio. The 
course coordinator, Ms. Betsy Ovitt, presented all of the sessions 
except two* The session on congenital defects was given by a local 
physician and the session on the respiratory system was given from 
Stanford by Ms. Jacqueline Wade and Ms. Virginia Fowkes, The 
lectures were held each Thursday evening and were two hours in length. 
There were breaks every thirty minutes during which time each hos- 
pital station was called and there was an opportunity for inter- 
action between the instructor and students. A syllabus for the 
course was sent to each student in advance of the program. In ad- 
dition, visual aids and hand-outs were sent to the students prior 
to each session so that they might follow along with the instructor 
appropriately. Publicity for the course was arranged through the 
University of Alaska Continuing Education and the course was open 
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to registered nurses, licensed prf^ctical nurses, medics, physician's 
assistants or other health workers. 

Twenty-five students registered for the course initially. They 
wore located at the following stations: 



Barrow 6 
Nome 6 
Kotzebue 5 



Galena 1 
Port Yukon 2 
Juneau 5 



All of the towns listed with the exception of Fort Yukon and Galena 
have hospitals and the aforementioned equipment. Other individuals 
in other communities listened in as well but did not participate 
for credit. Of the 25 enrolled students, 16 completed the course, 
18 submitted the biographical questionnaires, and 15 submitted 
the final evaluation questionnaires. 

Table IX-1 shows the results of the biographical questionnaires 
which were received. 



TAELi: JX-i 



Characteristics of Students 



Place of r esidence Number of stud ents 

Nomi? 5 

Barrow 6 

Kolzebue 1 

A. P.O. 1 

Juneau 3 

Auke Bay 2 

Kducat ion 

In states other than Alaska 16 

Scotland 1 

Canada 1 

3->r R.N. diploma program 14 

2-yr R.N» associate program 2 

A-yr R.N\ baccalaureate program 1 

Medic 1 

Previous college 8 

Present Job posit ion 



General duty 11 

Alcohol rehabilitation 1 

Anesthesia 1. 

Clinic 1 

Clerk 1 

Etr.ergency room 1 

Director of nurses 1 

Not working 1 

Previous w ork experience 

One year 1 

Two years 2 

Three years 3 

Four years or longer 11 



(continued) 
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TABLE IX-1 (continued) Characteristics of Students 



Type of work experience Number of students 



Medical-surgical 12 

Intensive care units 2 

Emergency Room 3 

Operating room and anesthesia 3 

Obstetrics 3 

Pediatrics 2 

Public health 1 

Administration 1 

Reasons for taking course 

Knowledge about heart disease 8 

Knowledge about EKG, arrhythmias 6 

Continuing education credit 5 

Previous exposure to £ 

Coronary care course 6 



Of particular note is the following: that all 18 of the stu- 
dents completing questionnaires received their formal education out- 
side of Alaska. Seventeen of the responding students are R*N^s 
and most of those are from 3-year R»N* diploma programs. Secondly, 
none of the students enrolled is presently practicing in coronary 
care units, and finally, in addition to taking the course for up- 
grading knowledge, a number expressed interest in the continuing 
education credit* Also, six have previously been exposed to the course 
material. 

On October 17 and 18, 1973 during an evaluation staff visit, a 
lecture session was observed. Though none of the students had 
seen the course Instructor, Ms. Ovitt, there was obvious, comfor- 
table rapport between the students and instructor. The students at 
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rach of the stations fiecmod quite free in Interact with hor rj»~ 
gnrtling questions about the material and other conimonts. Although 
Interrupted for emergency comiaunications, a similar program which w;is 
broadcast from the transmission facilities operated by Dr. Aide Da Rosa 
and Stan Hall at Stanford proceeded equally smoothly. Again, the 
students interacted comfortably with the instructors. 

Also during the visit, plans for the evaluation v?ere formulated. 
Dr. RJchard Lyons, the WAMI director, and Betsy Ovltt, the co-* 
ordinator, welcomed the consultation and were more than cooperative 
in helping to plan and implement the evaluation project* In addition, 
the cooperation of Ms. Nancy White, the nursing coordinator with 
Washintiton/Alaska Regional Medical Programs, was solicited. Ms. UTilte 
has traveled extensively in the participating Alaskan communities 
and has had experience coordinating similar courses through RMP 
In the state of Washington. Furthermore, Ms. White made available 
computer processing of testing materials, the testing materials 
themselves, and comparisons with similar community groups. Both 
Dr. Lyons and Ms. White expressed concern regarding the transiency 
of nurses in the participating Alaskan communities. As noted in 
Table none of the nurses are natives and turnover is high In these 

communities. Ms. White indicated further that all of the nursey are 
Involved with patients and "in highly responsible and critical areas of 
nursing." She further felt that this type of continuing education was 
essential and would have im.pact on patient care — even though coronary 
heart disease is not a primary health problem in the native villages* 
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IX. B. EVALUATION OF THE COURSE 

For purposes of evaluating the satellite communications ntodla, 
the students enrolled In the course took fairly well standardized 
pre- and post-tests* The tests have been used extensively by 
Washington/Alaska Regional Medical Programs for coronary care ac- 
tivities. (See Attachment IX. 4 for Description of Test and Standards). 
Computer printouts were obtained for all scores. Scores from the 
Alaska group wore then compared with scores from two different groups 
taking a similar and traditional educational course at Bellevup 
Community College in Washington. Bellevue is a community college 
located a few miles east of Seattle in a new high-density populated 
area. The nurses enrolled were comparable to the Alaska proup in 
that most of them did not have coronary care units in their hospitals 
and not all had monitoring equipment. For the most part, these R.N.s 
had had some exposure to coronary care education prior to the course. 
Some were R.N.s taking a refresher course who had little or no con- 
tact with monitors and practiced in rural community hospital set- 
tings similar to those that the Alaskan students relate to 

Table IX-2 summarizes the results of this comparison. 
It is of note that the Alaska group performed similarly to the two 
groups from Bellevue on both pre- and post-tests. An approximate 20 
percent rate of improvement is noted in all three groups between pre- 
and post-test performance* 
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The. Alaska group was somewhat higher than the regional mean for 
the pre-tcst which is 32 percent and also for the post-test which i« 
53 percent. However, this was the result of a broad range of 
scores from 24 to 80 in the pre-test and 52 to 8A in the post-test. 
Assessment of individual scores indicated that all students with 
the exception of two improved their total scores and most of the 
pnrt scores on the post-test, (The two that did not, dropped from 
80 to 78 and 55 to 53. ) 

For purposes of subjective evaluation, the students were asked to 
<:omplcte a questionnaire. Fifteen of the sixteen yluUents who finished 
the course completed the questionnaire. Tabulation of the student 
responser, to the questionnaire is detailed in Attachment IX. 5 • 
Generally, the students found the course content and materials to be 
valuable. Most indicated that there was difficulty with the radio 
trancnission which varied in frequency and location. 
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TABLC IX-2 Pre-Tost 



Number of Examinees — Alaska-23 
Number of Examinees — - Bellevue 1-30 
Number of Examinees — Bellevue 11-29 



Alaska 
Part Score Medn 


Belle- 

VHP T 


Belle- 
VHP T r 

V vie 


Alaska 

f>td . D«>v. 


Belle- 
vue T 


Belle- 
vue il 


ecu Concepts 10. 78 
Complications 5» 61 
EKG/Arrhvthmias 11.39 
Chem. Therapy 5.57 
Other 8,65 
Total Score A2.00 


(12.43) 
( 7.20) 
(15.03) 
( 5.90) 
(10.07) 
(50.63) 


(11.28) 
( 5.03) 
(12.52) 
( 5.10) 
( 9.48) 
(44.41) 


4.16 
2.39 
4.75 
2.41 
3.06 
14,00 


(3.24) (2.80) 
(2.12) (2.59) 
(4.48) (4.89) 
(2.29) (1.84) 
(2.59) (3.06) 
(11.24) (11.96) 






Post-Test 








Number of Examinees — 

Number of Examinees 

Number of Examinees — 


Ala8ka-16 

Bellevue 

Bellevue 


I- 28 

II- 21 










Alaska 

Part Score Mean 


Belle- 
vue I 


Belle- 
vue II 


Alaska- 
Std. Dev. 


Belle- 
vue I 


Belle- 
vue II 


ecu Concepts 17.25 
Complications 8. 81 
EKG/Arrhythmlas 17.37 
Chem. Therapy 9.00 
Other 11.88 
Total Score 64.31 


(19.04) 
( 9.00) 
(19.54) 
( 9.71) 
(14.68) 
(71.96) 


(18,67) 
( 8.81) 
(17.71) 
( 9.57) 
(14.71) 
(69.48) 


3.03 
1.51 
2.18 
1.90 
2.71 
7.79 


(2.38) 
(1.77) 
(2.18) 
(1.94) 
(1.77) 
(7.58) 


(2.51) 
(1.79) 
(3.40) 
(1.53) 
(2.21) 
(8.76) 
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Most felt there were advantages to the course, particularly the con- 
tinuing education credit. Generally, the disadvantages; stated re- 
lated to the impersonal approach. Fourteen Indicated that they woul^I 
definitely take another satellite radio course, suggested a broad 
range of topics, and felt there would be advantages to video tranki- 
misslon. (Refer to last section of Attachment IX. 5 for detail uf 
responses.) 



IX. C. CONCLUSIONS AND RECOMM1-:NDAT10NS 



The results of the testing indicate that learning took place. 
Further* the performance levels on pre- and post-tests and the rate 
of increase in performance between pre- and post-tests were compara- 
ble to those of Bellevue Community College where similar courses 
were given in the traditional classroom setting. This suggests 
that the satellite communications medium is an effective way of 
providing education to remote areas* Although periodically there 
were transmission problems, they did not affect the desired out- 
come of performance* 

The nurses' own evaluations Indicate enthusiasm about the course 
and a desirr for additional programs. 

The impact of a course such as this on patient care is more 
difficult to determine, but is, of course, the ultimate concern of 
hnalth educators. Often courses such as this one which are given 
within community colleges or even within hospitals do not have a 
correlated clinical practicum where the instructor can observe 
and/or help the student directly apply the knowledge to patient 
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rare. However, if this cannot be arranf.od during a course (and 
this would be difficult in Alaska) it I^j important as foJ low-up. 
Therefore, It would seem imperative in future programming that 
the instructor who gives the satellite radid session travel to 
the individual communities and work with the students in their 
respective clinical settings* Only in this way can the learning 
objective be Insured and the impact on patient care be assessed. 

It is suggested that future programs which may be given via 
satellite radio be focused on more relevant native health problems. 

Finally* although this was not addressed ir> this study, there 
seems little evidence to suggest that nursing personnel given more 
continuing education will remain for longer periods of time in 
these communities. Certainly, it is necessary to provide training in 
order to update information and 8ki]ls of health providers in re- 
mote areas. However, for long-term goals, it would seem more cost- 
effective to educate native peoples who come from these areas 
And to provide incentives for them to remain there. 
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A^SKSM Iljn OF SOCIOLOGICAL^ OF RELIABLE TELECOhfUUt UCATIONS FOR 

BUSH ALASKA 

During t he operation of the satellite radio cormtiun lent Ion cxperl- 
rr.cnt, the health care exchanges occupied only a part of tlie hours of 
the day In which the satellite was available. The characteristics of 
two-way radio and teleconferencing capability of the communication 
network allowed a series of very special programs. From educational 
ones with possibilities for Interaction between participants, to 
entertainment and story telling, a wide range of experiences went over 
the air In thft non-medical time. The impact- of those programs and the 
possibilities of the system in terms of education, dcclslon-makJng 
c.onforoncf^G , discussion among colleagues (librarians, teachers, medical 
personnel, etc.), and interactive entertainment were not within the 
scope of this evaluation. 

However, we have detected several affects which can have a 
positive effect on the living conditions of the Native people In 
those renote villages: 

X.A COMMUNICATION BETWEEN HOSPITALIZED PATIENT AND FAMILY AT THE 
VILIAGE 

The satellite link gives the families the chance to get 
news about patients at the hospital much more easily than over 
the previous HF system. One illustrative comment: ''Last year 
(before satellite) we didn't know if they were dead, still in 
hospital, or what". (Hudson, 1972) 
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The importance of this contact for the villagers must be em- 
phasizecl« In the opinion of the health aides> the doctors* 
and native representatives, it has a significantly positive ef- 
fect on the well being of the isolated villagers. It may be that 
the greater loyalty and acceptance of the Public Health Ser- 
vice in the satellite villages suggested in Chapter VI. C is 
partty^due to the availability of regular news from the pa- 
tients at the distant hospital. It is also possible that the 
ability to contact the patient at the hospital will reduce one 
of the reasons for the migration to the urban centers, for 
accessibility to the medical centers. 

X.B. INCREASED CONTROL BY THE NATIVES OVER COMMUNICATION 

The increased number of contacts due to the fact that the 
transceivers are located at the health aides' homes (Ch. V.E.), 
has added to the reliability of the system and increased the 
importance of the health aide in the village. This person^ a Native 
selected and paid by the village council > is in charge of and controls 
Ihe access at the village end to this virtually exclusive linkage 
with the external world. This contrasts with the regular pattern of 
services controlled by non-Native persons and may have a positive 
effect on the self-assurance of the Natives. Of course, this is 
only one area of services and other changes are required for a 
more complete effect in chat sense* 

X.C. REASSURANCE OF THE HEALTH AIDE AND THE PATIENTS 

The attitude of the health aide towards the satellite radio is not 
only a ciucial factor in the operation of the system^ but also an 
additional indicator of its effectiveness compared to the previous HF 
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equlpment* Tn inid-1972, about year alter the in»tnllnti(m of the 
satellite ground stations, a questlonna.i re was julmln IsliTtMl to ll>o iHnr 
health aides In the satclJltc villages and to five hcnltl) aLt!c.s in 
non-sate.ll Ite villages* The results are fully presented in a vivid 
report of that survey. (Hudson, 1972) Some of those findings need 
enphasls and further discussion relative to Tnore recent data. 

Tht answers of the health aides at the satellite villages, in 
contrast to those at villages supplied with HF radio, show that the 
former had no difficulty at any time understanding the Instructions of 
the doctor received over the satellite radio, wh11i=^ the latter tnentioiicd 
that the quality of the signal was a problem once tn a while. The IIF 
radio often faded In and out, was noisy, and was very difficult to hear. 
Userj? often had to repeat. With Improved telecommunication, It is n^ore 
frequently possible to consult with the doctor before beglimlng treat- 
ment. Tills difference is especially Important given the high number of 
changes in the health aide's management plan which result from 
consultation. (Table Frequent communication with the doctor 

seems to increase the health aides' ability to persuade the patients to 
follow their advice. Since patients may listen to the radio discussions 
during consultation between aide and doctor, the aide may use the 
doctor's advice In reinforcing her suggestions about self-admlnlstercd 
medicines or treatments which she does not feel are appropriate. She 
may encourage the patient to listen In If she feels this may lnc?;ease 
compliance or reassure the patient. 

The opportunity offered by the satellite to listen to more exchanges 
bctv/een other health aides and the doctor appears to be very Important 
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both for moraJ.e and for continued learning, In the opinion of the heaJth 
aides » 

After working with the satellite radio for about a year, the 
majority of the health aides felt much more confident in their work* 
There vas one exception to this, however; one aide felt less confident, 
because she was only useful to report to the doctor. 

In the chapter of RecorrOTendatlons (Chapter XII), some suggestions 
for changes in the mode of operation are advanced, both to reduce that 
possible sense of dependency and to increase learning, and therefore to 
Improve health care. 



CHAPTKR XI 

EVALUATINC FUTURK COMMUNICATIONS SVSTRMS 
(hv Dr, Bruco Lnslftiinn and Di\ Michael Silos) 

As part of the NIH contract, future systems to provide health 
communications service.^ to Alaskan villages were BSf^essed* This activity 
took a number of forms summarized briefly in this chapter and expanded 
upon in the attachments. The results are presented as a chronological 
series of analyses or tests that have led to specific recommendations, 
XI. A, SELECTION OF SATELLITE LINK 

--It is recommended that the Canadian satellite, Anik tl, form the 
bav^ls! of the initial Alaskan Indian Health Service communications system. 

This study was concerned with operational services only, not experi- 
mental. Therefore, the only satellites considered were commercial ones 
that can be counted on to provide continuing services. Those considered 
included the International satellite, Intelsat IV, and the Canadian 
satellite, Anik IT, Both of these satellites are In operation today. 
The systems each have a primary and a standby satellite in orbit and 
another ready to be launched In case of difficulties vith either of the 
first two, A third commercial satellite, "Westar," a United States 
domestic system operated by Western Union, was considered but rejected 
because its antenna patterns do not adequately cover Alaska* 

Technically, Intelsat IV and Anik II are comparable for Alaskan 
Intrastate voice communications (Attachment XI. 1). From a business sense, 
however, Anik was favored. Intelsat IV would require use of a special 
high-gain antenna pointed In Alaska \s direction, and Alaska would have 
to absorb the cost of a full satellite transponder even though intrastate 
communications would require only a fraction of the capacity. On the 
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other hand, Anlk II's antenna covers Alaska^ Canada, and ahont 2/1 of 
the lower A8 statas. RCA Globcom has rented transponders on tUo satt»U 
lite and a portion of the transponder can be rented for Ala«kan intra- 
state use, (Though transponder rental prices vary with competition, 
latest estimates Indicate the Intelsat IV transponder price with high- 
gain antenna to be twice that of the Anlk II transponder, another point 
In favor of Anlk.) 

XI. B. SELECTION OF STATION CONFIGURATION 

— A computer optimization program Identified a small station configu- 
ration (10-ft, diameter antenna) as least costly for Alaskan rural voice 
comraunicat ions. 

With the satellite chosen, there are still many system choices that 
must be made to ensure lowest cost for the given service. The choices 
are complex, involving many technical and economic factors that interact 
In sophisticated ways. To handle these factors, Stanford, under NASA 
Grant 05-020-659, has developed a comprehensive computer based program 
(Attachment XI ,2). This program is specifically designed to use only comraer- 
clally available equipment. Thus, it identifies solutions that can be 
readily Implemented. A comprehensive and computerized demographic 
description of Alaska was also developed as a part of the current evaluation 
contract. This demographic file contains information of the distribution 
of population and communication facilities, as well as other subjects. 
A report on the computerized demographic file is included as Attachment 
XI. 3. 

The requirements of a generalized voice communications network ser- 
ving an area the size of that coveted by Anlk or by the proposed RCA 
satellite were given to the program. From this input, the optimum station 



configuration was dc^rivod (Attachment XI. 4), Sinco tlu* roquiroraont for 
ii gonoral long-range tolcphone service were provided to the program, tho 
resulting station configuration is suitable for the growing needfi of 
Alaska, This configuration served as tho basis for the station finally 
proposed for the Indian Health Service* 
XI. C. SIMFLICtTY AND PERFORMANCE TEST OF THE STATION 

--A low-cost (approximately $15,000) station, based on the optimum 
configuration was assembled from commercial components and demonstrated 
with Anik 11 in only two months. 

In November 1973, Drs. Parker and Lusignan visited Alaska and net 
with representatives of the Indian Health Service, tho Governor's Office, 
and RCA Alascom. The small stations were proposed and met with a mixed 
response. Tt was felt that if the prices were even near those predicted, 
the small stations would be the best choice for Alaska's rural communica- 
tions. However, at that point, there was considerable skepticism of 
such a simple station actually working. The skepticism seemed well Justi- 
fied since the projected cost (approximately $15,000) was less than 1/20 
of satellite stations familiar to most planners including RCA. 

It was» therefore, recommended that a prototype station be demonstrated 
to confirm the simplicity and performance. Permission to use funds from 
this contract for such a demonstration was obtained in late December and 
a little over two months later, the station prototype was successfully 
demonstrated at Point Reyes, California with the Anik II satellite 
(Attachment XI. 5). Point Reyes is in a position of the satellite antenna 
beam that Is comparable to that of Anchorage, Alaska. 

The demonstrations were attended by both State and Federal officials 
as well ^•'^nresentatlves from the communications industry. 
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XT.D. PROVISIONS FOR MORK CIRNKRAMZRD TKl.RPIIONK SKRVICR 

— The basic Point Reyes station design was developed to ensure that 
it has the flexibility to be expanded to meet general telephone communi- 
cations needs and to be modified to use future satellites at minimum cost. 

In our opinion, the station demonstrated at Point Reyes is the simplest 
and least expensive way to meet the Indian Health Service needs. However^ 
to meet the more general needs of communications in Alaska's remote 
villages provision should be made to include within the station at some 
time a more generalized telephone service, 

A set of specifications has been prepared (Attachment XI. 6) that 
could serve as the basis for a competitive procurement of equipment. The 
equipment satisfies the basic health service needs. However, it also 
includes the ability to add receive only capability to serve radio dis- 
tribution needs, and to add a general telephone service. 

The simplest technique for adding phone service would be to provide 
service through a manual switchboard located in Anchorage. This technique 
is described in Attachment XI. 7. The more sophisticated technique would 
be to add an automated system based on the Improved Mobile Telephone 
Service (IMTS) used for direct dial automobile phones. The IMTS equipment 
built by Motorola has been analyzed tf> ensure corapatibillty between It 
and the proposed satellite ground stations. The basic station options 
and the range of service configurations allowed by these options are des- 
cribed in Attachment XI. 8. 

Whether the simpler phone system or the more expensive automated 
system is adopted is a matter of ongoing discussions involving RCA and 
the State of Alaska. However, the cost of making th^ basic system 
compatible with either addition is very small. 

XI. E, COMPATIBILITY WITH OTHER SATELLITE OPTIONS AND COSTS OF MODIFICATIONS 

Adding the flexibility for a phone system based on the Anik satellite 
or the future RCA satellite is very easy to do. However, as pointed out 
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by Howard llupo of HKW's Offlco of Tolocommiin Icnl tons PoHcv, the rnliiri* 
options for Alaska mav include a wtdor rangt* of f^atolMlo options 
(Attachment XI,9). 

The basic station is compatible with any of the future iiatelUt;es 
using the same 4-6 GHz frequencies. However, there are components that 
would have to bp **<^placed wiih a change in operating frequencies, either 
2.5 GHz or 12-14 GHz. 

The antenna as presently specified, has an easily replaceable feed 
and can be pointed manually to different satellite locations. The 
reflector is suitable for 2.5 GHz and 4-6 GHz as presently specified and 
at a modest cost Increase can have high efficiency at 12-14 GHz« Thus* 
for an antenna* the feed would have to be replaced to work with a satellite 
frequency change but the rest of the antenna, and the costs of its 
installation would noL be wasted. 

Most of the station cost is in the channelizing equipment. This 
equipment is largely unaffected by the satellite operating frequencies. 
A tighter specification would be needed for the reference frequency 
source to work with a 12-14 GHz satellite, and the final stages of the 
transmit and receive channels would be modified to provide the 2.5 GHz 
or 12--14 GHz frequencies. These are minor modifications to the existing 
designs. 

The two major items that would have to be replaced with a satellite 
frequency change arc the preamplifier and the power amplifier, both of 
wlilch are optimized for a finite frequency range. 

Thus, if the frequency were changed, items totaling about $6,500 
would be taken from the stations: (preamplifier $1,200, antenna feed $800, 
power amplifier $4,500). Since these items are standard production items 
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In the normal microwave communications bands, they would have some 
recovery value. 

The costvof replacement items would be dependent on the characterise 
tics of the new satellite. It could be as low as $5,900 (preamplifier 
$600, antenna feed $800, power amplifier $2,000, channel modification 



The station is already designed to minimize the cost of modification 
The estimated installed cost is around $20,000. For addition of a 
general telephone capability and change to another satellite using the 
4-6 GHz frequencies, none of that Investment is made obsolete, A change 
to such a satellite seems the more likely future course* 

If a future satellite is used having 2.5 GHz or 12-14 GHz for voice 
communications, less than one-third of the original investment would be 
replaced. In the meantime the station would have been supplying badly 
needed services for at least three years* 
XI. F. ASSESSMENT OF THE PRESENT PLANS OF RCA ALASCOM 

It appears that the present plans of RCA Alascom do not show promise 
of satisfying the Indian Health Service needs at a reasonable cost. 

The best approach for the Indian Health Service to meet its needs 
would, of course, be to contract with an Alaskan common carrier for the 
services. RCA Alascora is the appropriate carrier in Alaska and StanfotySj' 
has kept them informed at every stage of our work. 

Before the optimum station configuration was identified, RCA had 
satellite stations planned in only a few of Alaska's larger cities, 
and along the oil pipeline route* The least costly stations cost v^ell 
over $200,000. 



$2,500). 
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Subsoqiiont to the Point Reyes demonstration, Stanford w/irt riskt»d by 
Governor Rgan's office to participate In a review of RCA^s plans for 
Alaska, While RCA did make new proposaJs for Alaska^ the^ Bjcoposals fell 
far short of what Alaska really needs. A series of subsequent proposals 
havo been made moving closer to the small efficient stations. The latest 
proposal includes 10 ft» stations and RCA has asked for bids from equip- 
ment manufacturers* A copy of the request for quotations has be*^n 
reviewed (see Attachment XI. 10). 

The analysis concludes that the Indian Health Service will not 
receive the low-cost communications it requires from the proposed RCA 
system. As specified, the ground stations will be two to three times 
as expensive as the optimum system. The Indian Health Service one way 
or another, will have to pay for the needless extra cost. For most of 
the Indian Health Service needs> conversation through the satellite 
will require two satellite hops incurring response delays of 1.2 seconds. 
This delay is very disturbing to normal conversations and would probably 
be very bothersome to medical consultation. 

The RCA proposal may be turned down by the FCC because (1) it does 
not meet the FCC requirement for protection of adjacent satellites^ and 
(2) it does not adequately protect the village from a dangerous level of 
microwave radiation* Both of these problems can be avoided by proper 
system design, and the cost of future Indian Health Service services and 
telephone services can be reduced by proper satellite design. 
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XI •G. CONCI.UStONS 

It is our conclusion that, if the Indian Health Service wants its 
communications needs satisfied, it will have to take action to satisfy 
them Itself rather than relying on the current plans of the Alaskan 
common carrier. The system described in Attachment XI*6 is sufficiently 

flexible to allow other State and Federal needs to be satisfied; and 
thus, there is an opportunity for the Indian Health Service to share the 
cost of the stations with other State and Federal agencies. It Is also 
sufficiently flexible to allow the addition of a commercial telephone if 
an Alaskan common carrier is eventually Interested. 
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RKCO>tMENl)ATIONS FOR ACTION AND FUTURfc: UKSMAKCIl 



The findings of the evaluation research suggest the following 
recommendations for action: 
XI I. A. COMMUNICATION SERVICES 

Reliable two-way voice conununication should be provided between al 
communities with parnmedlcal personnel in "Village Alaska" and the phy 
cian consultants. The coirmunication system should have the following 
capabilities : 

XI I.A.I. 2;<^-hour availabi lity of a circ uit for medical efnerRencieS i 

( Refer encei^ ; Medical emergencies, Attachment VI. 1 and Ch, VI. A. 3) 

XII . A . 2 . t'artv line con ference call capab ility to enable 

all parties to listen to medi cal exchanges for learning purposes and 

to permit interactive teaching and group discussions . 

( References : Health aides' opinions, Ch. VII. C; medical education 

evaluation, Ch. IX; community participation, Ch* II. A. 2 and X*B) 

Xrn.A.3. Two-way simultaneous duplex circuits for private 

consultations (i.e. the equivalent of regular dial telephone service). 

( Refe re nces ; Health aides' opinions, Ch. VI*B.2) 

XII. A. 4. Location of the transceiver in a place chosen by the com - 
munity to w h i c h ^ the he a 1 1 h a ide has ea sy access . 
The site should permit private consultations between the health 
aide and doctor without being overheard by others In the local 
community, but should have facilities to, allow patient presence and 
exanilnatlon during the consultation. Space should also be available 
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for small group inleraction (e.g. for health education) » The now 
Village Clinic Plan should be considered for these purposes. 
(Refetences t Aides* access to radio, Ch* V.E and X.A5 
effect of listening to doctor on patient, Ch* X»C. and Hudson, 
1972; health aides* opinions, Ch, VI. B. 2) 

XII. A. 5. The remote sites should have speaker-phone capability 
so that groups can listen to and participate in exchanges > 
( References : Group involvement and mental health/sanitation 
problems, Ch. III.D; education, Ch. III.D, Ch. VII, and Ch. IX; 
famlly-hospltal-patient contact, Ch. X.A) 
XII. LEARNING THROUGH TELECOMMUNICATION 

The health aides* learning from listening to the doctor call was 
analyzed in Chapter VII. The main finding of that chapter is that 
while a certain amount of learning is suggested by the data, 
learning occurs during a period of a few months, and after it, the 
improvement is quite marginal. (Reference: Learning, Ch. VII .C) 
Virginia Hunn Fowkes in Chapter IX of this report shows similarity in 
the improvement of learning scores for nurses receiving their 
instruction through this satellite radio system compared with peers 
receiving the same material in traditional classrooms at Bellevue 
Hospital in Washington. Similar findings were obtained using the radio 
of the Royal Flying Doctors for exchanges with ''isolated*' students in 
Australia. (Thomas, 1937) General research on learning and specific 
data about the use of interactive radio for teaching suggest that the 
possibilities for learning provided by the system are not fully 
exploited. One reason for this may be the prescriptive mode used by the 
doctors at the hospital (probably due to time considerations or other 
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reasons). The research data tlo not Indicate what specific action?; 
sliould be taken; the following are examples of possibilities to explore 
xri*}i,)... An experimen tal evaluation cp.ulc^. be clesigne,(i to assess .the . 
effects of a more anal ytical approach to the consultation ^ com- 
plementing the prescriptive advice of the doctor with teaching 
/\bout exploration of syraptonis, pathology, alternative hypo- 
theses for diagnosis and strategies of therapy involved. ( References : 
Expressed learning interest^ Ch, VLB. 2 and VII. C; aide management plan 
Ch. VI. A. 4) This formative evaluation could test for changes in the 
ability of the aides to handle cases on their own, their increase in 
medical knowledge* and their management plan accuracy. The 
effect of short training periods for the consultant doctors 
in these teaching techniques could also be examined. An 
analysis of the more common diagnoses requiring radio consul- 
tation and their severity could determine priorities for 
teaching emphasis. ( References : Most common diagnosis and severity, 
Ch. VI. A. 4; also Ch. Ill) Coordination with the section 
of the ANMC responsible for the training of the health aides 
would be important. 

X II . B . 2 . Another te chnique to increase learning would be to do 
a more cotrplete follo w- up_to check for t he effects of the thera - 
pies. ( References ; Number of consults per case, Ch. VLB. 2) 
The data show that the majority of the cases have 
only one consultation. The assumption is that the patient 
is doing well if he does not show up again. However, a m.ore 
Intensive follow-up of the results of the non-trivial 
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therapies could be important to assess the efficacy of a treat- 
ment. Results of a treatment are important not only to the 
particular patient but also to other similar cases. ( Reference : 
Aides' opinions on learning, Ch» VI»B.2» and VII. C) Doctors should 
encourage aides to follow up on specific cases and report on them. 
XII. B. 3. A nother technique to explore is the analysis of the process 
of diagnosis and the management plan proposed by the health alde > The 
doctors should try to spot the weaknesses and offer remedial 
explanations. 

XIX. B. A. Printed material to help the verbal communication ! it is 
considered important to provide charts of the human body and pictures 
or photographs of the different pathological signs to which both 
doctor and aides can refer In their exchanges. (References : Sup- 
portive printed material, Ch. IX; general literature about radio educa- 
tion, McAnany, 1973) The results of this innovation can be measured 
both in terms of predicted outcomes and in channel time use. 
XII. C. COMMUNITY PARTICIPATION 

The AANHS should consult with the Native Health Boards to 
determine how the communication system could be used to increase 
the involvement of communities in the analysis and solution of 
their health problems (including environmental and mental health). 
Possible areas for exploration are: 

XII. C.l. Presentation of regularly scheduled interactive programs 
pti topics of concern to the health boards or suggested by community 
leaders, health aides, etc, 

XII. C. 2. Encouragement of parti cipa tion of village leaders and elder s 
in discussions. 
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X 1 1 . C . 3 . rrese n t q t ion ^ o f ^mat er i^al^ on^ hen 1 1 h pro f eg s ionfl an J t in In tnr > 
programs av a ilable to people frotn retnote cop^munltles which could 
^nable. theni to per form n are of the health care functions l^or 
their o wn people. 

^ ^ 1 • ^ » ^ • Kncourageti^ent of health aides to train others In the 
comit^un Ity ^. 

,\n.C\5. Allocat ion of r egular periods for exchange of inossap^os het\^ec_n 
hofi^ltnlized patients and their families in the villages . 
(Reforcnce: Importance of communication between hospitalized 
pnti^^nts and family at village, Ch. X.A) 
:vL].D. MKNTAL HEALTH 

This study provides evidence that the doctor call can contribute 
to delivery of health care for physical problems. However, mental 
health Is now a major problem in Alaska (e.g., see Chapter III). 

telecommunication alone will not change the socio-cultural 
environment in which the increase in mental health problems has 
dDveJoptnK However, although only the consequences rather than the 
causet^ can be addressed, communication may be a useful tool In 
copln^i with mental health problems. 

Jn consultation with the Native Health Boards, the following 
approaches could be tried and evaluated by the \isers and the 
Native Health Boards: 

''•^ ^ ' ^ • ^ ' Tfelediscusslo n and counseling on specific individual or 
family prob3ems ; Private consultations should be possible between 
cormijiilty residents and trained psychiatric personnel and social 
worker !T. Oue approach would be an adaptation of the "crisis line*' 
by provjditig a toll'-free number which could be reached from any 
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conmiunityi Peer counseling within the community and by toJl-fre^ 
telephone should also be explored. 

XII. D. 2, General programs on coiiiinunity m ental health; A series of 
radio programs on recognized mental health problems could be 
organised to involve specialists, health aides, community leaders, 
and villagers in interaction over the radio. 
XII. D. 3. Non-medical communication ; Access to interactive 
communication channels for a variety of uses (personal, educational, 
general information, entertainment) can have a positive effect on the 
psychological well- being of people in remote communities. Ways should 
be explored to maximize the opportunity for exchanges among the villages 
of cultural productions (e.g. radio programs, teleconferences, etc.) 
using the available communication networks. 

The potential effect of the availability of television on 
mental health needs further study in remote Alaska communities. 
The availability of cable TV or mini-transmitters in some communities 
may permit such study. 
XII. E. DOCTOR-TO- DOCTOR CONSULTATION 

With reference to the communication system between remote doctors 
and their specialist colleagues at major medical centers, the data 
gathered support the following recommendations for action: 
XII .E.i. Reliable two-way voice communication directly to a medical center 
for consultation should be provided to remote doctors . ( Reference ; 
Ch. VIII) 

The Communication system should have the following capabilities: 
XlI.E.l.a* Regular consul t ation exchan ge o nce e very two to three days. 

(References; Number of consultations exchanged, Ch. VIII. C,l; urgency 

of cases, Ch. VIII.C.2.b) 
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Xtl.C.ltb, Alarm button for emergencies, ope rative 24 liours. 
(R efit r cnc 0 1 Urgency of the cases, Ch. VIII. C. 2. b) 
XII . 2, Additional conununlcatlon capabilities (especially one-way 
ytder; fron the villa ge to the hospital) can be of value In a significant 
numbe r of cases . Systems should be explored that offer tliat capability 
as a special feature, to be used only when required (most of the 
consuUations—about 80 percent--would not require more than tvo-way 
voice exchange) • ( Reference ; Need for additional cotmunicatlon 
capabilities, Ch» VIII, C, 5. d) Careful cost-benefit analysis should 
be done of tills feature, because of the high costs involved. 
XII. t:. 3. The lower value assigned to the radioconsultation by the remote 
doctor suggests the need for additional consideration^ One possible 
reason for tliat difference could be that the consultations, Instead of 
being considered as indicators of the physician's ability to deal with 
some cases at a higher level of sophistication, are considered as 
an indication of lack of mastery on a particular problem. ( Reference : 
Difference in the perspective betwfton remote doctor and consultant 
:}bout the value of the consultation, Ch. Vlll.C.S.e) 
XrKF. RFXOMMENDATIONS FOR FUTURE RESEARCH 

The complexity and importance of this system both for Alaska and 
for other rtiral areas demand further research. Some of the areas 
to bo developed have already been described, for instance, modes of 
radio interaction and their effects on the health aide learning and 
the outcome of the patient. 

It would also be important to do trend analyses In the future 
when data about a long enough period of operation are available. 
Trend analysis could be especially useful in exploring changes over 
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tlnie in the health aide behavior aa well as In the cliaracterlstlcs of 
the content of the exchanges; e.g., severity of the cases consulted, 
time elapsed, rate of confirmation of the aide management plan, etc. 
The analysis should also investigate the effect of the background of 
the health aide and process characteristics that can have positive 
effects on the health care. Trend analysis of hospitalization rates 
over a longer period of time can cast new light on some general and 
specific effects of Improved telecommunication. 
XII. G. NATIVE CONTROL IN DECISION-MAKING 

Increased participation and control over decision-making should 
be given to the Natives^ both to increase the accuracy in the defini- 
tion of problems and solutions, and to increase their control over 
their own affairs. 

XII. H. CONSIDERATIONS FOR PLANNING AN EXPANDED TWO-WAY COhlMUN I CATION 
SYSTEM 

This study can provide valuable information for planning an expanded 
biomedical communication system. Several decisions are implied, 
including the following! 

XII.H.l. Should the service include only the villages that had no tele - 
phone service or include as well those villages with current telephone 
access to the hospital? Given the interactive possibilities of the 
multi-node network, and the possible monopolization of the village line 
at certain hours by the health aide, we conclude that the villages 
having telephone service should also be included in the biomedical 
radio system with additional radio circuits for that purpose. 
XII. H. 2. Should the system include only predominantly native villages 
or also predominantly white villages? Given the Juri^idict ional 
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responsibility of the AANHS, it might seem reasonable to include only 
those the villages that are considered ^'Native'* by PHS definition, 
llovjever, administrative constraints* notwlthsl^anding, we feel tliat this 
system should be integrated with a telecommunication system for all 
Alaska, providing this kind of service to any village without easy 
access to the hospital or doctor. 

XT1,H,3, Considering that the total amount of consultation for an 
expanded service will coyer several hours jger day, how many and which 
hours of the day are reasonable for health aide-doctor exchanges? As 
botli the health aides and the doctors have other responsibilities 
besides radio consultations, we suggest that a simple survey be made 
among those in each service unit to determine the most convenient hours 
of the day for the radio call. ( Reference ; Inconvenience of certain 
hours for doctor call, Hudson, 1973) 

Should the present p r escrip tiv e mode of the exchanges be 
changed in to a more ''learning oriented " Int eraction^ and how ipuch more 
time would th at new mode require? There was no attempt in this research 
to obtain evidence about the effects of these alternative modes. The 
eventual implementation of "learning oriented" interaction should be 
attempted on a formative basis. In other words, the different 
approaches should be tried to determine their effectiveness and to 
reorient the practice on the basis of that continuous learning. Perhaps 
the doctors and health aides themselves can suggest new techniques to be 
tried. 

XII. K. 5. Besides these considerations^ planning of an expanded system 
for Bush Alaska communities requires other information which this study 
can provi de, such as : 
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— Number of minutes of exchange per capltn per yeor. 

--Seajjonal variations in the time required for biomedical exchnnpe 

— Weekend vs. weekday variations In the time fdr exchanges. 

— Number of villages per PHS unit, with certain levels of popula- 
tion and public services (electricity), type of population, and communi 
cation facilities. 

— Inter-viilage variation and correlation with population size of 
the village. 

This information is valuable for estimating requirements for 
various configurations of an expanded system. For example, let 
us assume the following data and try a very simple example of the 
planning calculation; 

— 9.345 minutes of exchange per capita per year (Ch. V) 

— maximum length of doctor call: 90 minutes 

— daily doctor call, including weekends 

— all 167 native villages with population from 25-1,000 

— present PHS boundaries 

— Tnore explanatory mode of interaction (assuming an allo^ 

cation of 30 percent more time for this) 
— no seasonal variation, no weekend variation 
Using the native population in villages within each PHS unit, 
we have done the calculations to estimate the number of groups 
necessary to cover the seven units of the AANHS under these 
assumptions. They are: 
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Servlce Unit Population Average Co ns ultation 

Time Per Capita -f 30% 
5,673 persons X (9,3A5 x 1.30) » 68,918 minutes per yeaV 

415 5»041 
9,322 113,248 
2,980 36,202 
5,444 66,136 

58,908 
38,547 



Anchorage 
Barrow 
Bethel 
Kanakanak 
Kotzebue 
Mt. Edgecumbe 4,849 
Tanana 3,173 



365 sessions of 90 minutes each would take 32,859 minutes per year. 
Therefore, to provide doctor calls not to exceed 90 minutes, the following 
breakdown of villages into doctor-call groups would be required: 

Anchorage: two groups of villages (i.e., 68,918/32,850 » 2.09) 

Barrow: one group 

Bethel: three groups 

Kanakanak: one group 

Kotzebue: two groups 

Mt, Edgecumbe: two groups 

Tanana: one group 



Total: 12 groups 



-1A3- 



Planners can use this approach and the data in this evaluation to 
make estimates under different sets of assumptions* For exatnploi if an 
hour and a half for the average dally exchange Is considered too longi 
or if other assumptions are changed, new results can be calculated fronj 
the datai Similar calculations could be done if the doctor-to-doctor 
consultation were to be expandev to serve other remote communities. 
These calculations have been done not to achieve a definitive result, 
but to familiarize the reader with a simple method of calculation which 
he can use to make estimates using different assumptions. 
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Attachments to Chaprpr TI 

11.1 Telephone in the Villages by Public Health Service Unit and 
Population Type 

11.2 Television in the Villages by Public Health Service Unit and 
Population Type 



ERLC 



Attachment II. I 
TELEPHONE IN THE VILLAGES (April 1974) 
(Communities with 25-1 »000 population) 



PHS Unit and With Without Total 

Predominant Commercial Telephone 

Population Type Telephone 



Anchorage 

Native 13 24 37 

Non-native 35 7 42 

Barrow 

Native 3 14 

Non-native I 12 

Bethel 

Native 20 28 48 

Non-native - 11 

Kanakenak 

Native 11 19 30 

Non-native - 2 2 

Kotzebue 

Native 15 13 ''28 

Non-native 2 13 

Mt, Edgecumbe 

Native 10 - 10 

Non-native 32 8 40 

Tanana 

Native 6 17 23 

Non-native 8 5 13 



Total Native 78 102 180 

Total Non-native 78 25 103 



TOTAL 



156 



127 283 



Attachment II. 2 
TELEVISION IN THE VILLAGES (April 1974) 
(Oorranunitles with 25-1,000 population) 



PUS Unit and 
Predominant 
Population Type 



No 

Television 
Reception 



Direct: TV 
(from Anch. , 
Fairbanks, 
or trans- 
lator sta- 
tion) 



TV with 

mailed 

tapes 



Air 
Force 
Trans- 
lator 



tnin 



Anchorage 

Native 
Non-native 



33 
16 



3 
34 



3 
4 



Barrow 



Native 
Nort-native 

Bethel 

Native 
Non-native 

Kanakanak 

Native 
Non-nat ive 

Kotzebue 

Native 
Non-native 

Mt. Edgecumbe 

Native 
Non-native 



Tanana 



Native 
Non-native 



42 
2 



22 



31 



10 
18 



19 
3 



13 



2 

13 



9 
1 



6 
2 



1 
4 



Total Native 
Tot 1 Non-native 



159 
40 



7 

60 



6 
13 



8 
4 



1 
10 



TOTAL 199 



67 



19 12 11 



Attachments to Chapter III 

111.1 Comparison of Vital and Health Statistics of Alaska Natives 
with U. S. (all races) (1S50-1972) 

111. 2 Alaska Native Health Service**-Ten leading notifiable diseases 
(1972-1971) 

IIIi3 Alaska Native Health Service-- Ten leading causes of hoopitali- 

zation (1972-1966) 
III.4 Hospitalization rate for Native Alaskans compared with the 

U. S. Population 
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Attachment to Chapter IV 



List of villages where satellite radio ground stations were 
installed as a result of the ATS-1 Biomedical Communication 
project. 
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Attachment IV. I 

List of villages vhere satellite radio ground st atlonH were 
Installed as a result of the ATS-1 Biomedical Communlca t Ion 





Project 




Installed In: 


Ai laRaRet 


August 1971 


Anaktuvuk Pass 


August 1971 


Anchorage 


August 1971 


Arctic Village 


August 1971 


Barrow 


August 1971 


Beaver 


April 1973 


Bethel 


August 1971 


Circle 


April 1973 


Cnalkyitslk 


August 1971 


Emmonak* 


August 1971 


Fairbanks 


August 1971 


rort Yukon 


August 1971 


Galena 


August 1973 


Homer^ 


August 1971 


Hooper Bay* 


August 1971 


Hughes 


April 1973 


Huslla 


August 1971 


Juneau 


August 1971 


Kaktovik''' 


August 1971 


^.anaKanaK'* 


August 19/1 


Kodlak 


August 1971 


Kotzebue 


August 1971 


Koycikiik 


April 1973 


Noine 


August 1971 


Nulato 


August 1971 


Ruby 


August 1971 


St. Paul 


August 1971 


Sand Point* 


August 1971 


Stevens Village 


August 1971 


Tanana 


August 1971 


Venetle 


August 1971 



* Dismantled In 1972 
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Attachment to Chapter V 



Facsimile of radiolog kept daily at the Mlnitrack Station- 
University of Alaska, College. 
Aide-to*doctor contacts via ATS-1, 1973, 



DATE: _ 

m 

'13 


ON! O^^l 


ON J 
OFF: 






Participation * 


c 
cn 

to 


Program Gontent 


Participation - 


Signal 

r 


Program Content 


Participation * 


c 


Program Content 


1st Transmission 
to Tanana 


Signal 


No. Patients 
Treated 


Time Used For 
Treatment 


No. Other Medical 
Matters 


to 










S 

1 












\ 

k 
\ 






' ,,, 


;2 


/ 




Anaktuvuk Pass 


















1 




0 




Arctic Vi Mage 





















u 


J 




reaver 


















/ . 























/ 




t) 




tagle 


















/ 




1 




Fort Yukon 














.;?/-^/ 




e> 




5 




Hughes 


















/. 








id 


















f 








Koyukuk 
























^? 


Nuldto 


















<> 






/ 


Kuby 


















o 








Scevcns Vi 1 lage 


















1 








Venctle 














^-^^ 




. 








Galena 
























f\ 


/s 






















,A 


























ft 


















































;V^int Paul 














mo 










17 




























Col leyc 
























Juneau 










f) 

















f^^t^ty^jp ^//^r- ^v^A x/'r /fr'£'4T>M> , 



s Active Port icipat Jon 



cni/^s Active 
Ju.X Li 



s icni ng 
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AUaolunont V 



Aldo-to-Dootor Coniiicis via ATS- 1 
(1973, for 13 villages*) 



Numbers 



X of total pos- 
sible contacts 



% of com- 
pleted contacts 



Possible contacts** 



4.257 



100 



Contacts completed*** 



3,676 



86. A 



100 



Contacts completed with 

biomedical content**** 2,871 

Contacts completed with 
biomedical content 
including patient 
consultations***** 1,836 

Contacts not completed 581 



67.4 



43a 
13.6 



78.1 



49.9 
15.8 



* 4 villages entered the system In April 1973. 

** Possible contacts ; number of villages x number of days they have been 
operating within the radio satellite system. 

*** Contacts completed ; Doctor calls answered by the health aide. 

*** *Contacts completed wit h biomedical content : Cases in which the health 
aide and the doctor had at least one patient consultation or one 
administrative matter to exchange. 

* * * * * Contacts completed with biomedical content including patient consul - 

tations : Cases in which the health aide and the doctor had at least 
one patient consultation. 



Attachments to Chapter VI 

VI. 1 List of examples of emergency cases where communication was 

an Important factor. 
V[»2 Example of log of medical radloconsultatlon kept by the doctors 

at Tanana Hospital. 
VI. 3 Codes for the description of the consultation In terms of: 

— type of visit C'vlslt") 

— need for travel ("travel") 

—severity of the case ("severity") 

--confirmation of the health aide management plan ("management") 
— predicted effect of the consultation on the outcome ("outcome") 

VT.A Demographic data of the villages considered 

VI. 5 Hospitalization latess for ANMC 

VI. 6 Hospitalization rates: for Tanana Hospital 

VI. 7 Hospltal^.^atlon rates: for both PHS hospitals 

VI. 8 Codes cf Diseases 

VI. 9 Sample "Doctor Call" Transcript 
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Attachment VI. 1 

Examples of Emergeacy evacuation over the past two years v/l\otc 
communication was an important factor . From Dr. Brlon Boiailo^s 
notes taken during interviews with health aides (1972), 

Dmuy; nlo»!t Cliri^^tnir'ts , 1909 — burne<« Jlpivi. iu 

Ko x/uy to to pbyfilc I an.^. . .Wont in on plonc at Oo\?rh fJcMil: to* 

Anciliorngr.i CoMMunlc^Mioo woul'l have bolpcd rcn.sGuvc! people Ihv.y wv^rr: 

O:'oudj /;T>r 1970, 5 i:Tcni:lis old, R:5cCal tm]^ 100, ^ 
Sponj'.cd Lo 103, a, conccp;(:ccl chci>t, shallow bre^iLbJ r,^;;, .^).M:hl cold f < « 
1^ VGok.'^. v;lilMpi.rcO , not active. 

C'»(: lioXd o.r phy.siclari h\ Tanann alKiad (j£ ixno vio Galcnn and got pi 'J*(^ 
i/jln-; Maouf;h Ruby* 

iJctfo: C'onriuai.cr.tjoa rii';]it liavc helped with irtcvcasod potdcll.lin aud 
or^il ^mpic'.l.lllu (ao bu, anplclllin In vlMajio anyv/ay) anu tr.iyht have 
iHljied prtlcnt f;v\: in sooner. 

VlJcUy: r.bout: ?.0, January, fJhot: c f'J: part of CL.m.In 

CvHcd Vaivina on radio and pationt went to FatrbmU-.^. nc>:t: day, ch^^v^'f 

or niai I p) I u" . 

Sarah; ::l'Oul'. 24, Novcii.hcr, 1971. 7 moni:hs prcfjiant, half day blccdi.v^v, 
[".ot sick In ovf.'.inj. Sninllifcc radio vrs used to evacuate patlont noxi, 
r-orrnn^: ,jnd charter to Kori Yu1:on and dirccf:iy to )'Alrbc^uhs. Patic.ul 
1\:{<1 lovt chjo(: to liaU b}ood volurnct 
t.V'itMijtilf::"' I Jou helped a f;roat dual. 

.l: :V3r; !^^v. r.bj^r, 197.1, / month:.; prc^:n.i?it. AltuipLod to coM^ac^ Ft. 

Yub i» (u TvM atuv f'jc 2 dayj; by radio witltout success. 

pio;::-.uro dropped to 90 systolic* rinally stopped hl>'K:dtn}> r.-^ij-ht 
.«,.,«- ,1 



Christian: Autumn, 1971. Caught finger in generator in afternoon. Open 
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frncturo of one Hnflor, closed of 2 others. Usod school I'adio lo caU 
Taiumai Cii.irtor to Fdirbaiiks* 

Bad cnou[;h to rcqulr^'i charter^ Coramunlcittort may havo prevontod Infontjon 

Jool: 13, Octobot, 1972, Stabbed with f^nmll knife in back latoraL 
L^to nt ni^ht. Called Tanana on satoUlto radio next d.'^y and told to 
^'^cnd to Fort Yukon. Coinmunlcatlon facilitated transportatlofi. Not a 
serious v;ound, 

Gcori;e: Us January, 1972. Broke ankle In sno-go accident. Polt brol:o. 
Ankle sv;ollon and black and blue. 

Radio didn't work. Teacher from Galena came with plane by chance. T!io 
plane v^ent up i^nd radioed Galena. The nurse from Galena cc^j^io do\vn the 
fiame day with a cr arter pilot and the patient was tahcit to Tannna- 
They would have had to keep chlllng or v;alt for a plane if; one had lioL 
come. 

Pa^.ricJaj 22, April, 1972. Sick to sto!.\ach in a.m. Temp, to 103. 
Kaln Jn right side. 

0.\Jcd lo Tavmna 8-8: 30p.m. Got Fatrb-inks aoxf: Tno?n>nf> 
Got worf»c at night. 

Ft. Yu3:cn c!»urf.ored her to rairbanka in a.m. Appendi;; not ruptured. 
Radio would have made sotne difference in getting a piano soonnr and 
consulting v?ith the doctor. 

Bill: about 30, September, 1972. 3a.m. Broke leg walking down stupr;- 
Obviously broken. 

Tried to call Xanana 6a. m- and 7a.m. Teacher called Tanana on his plim- 
rrtdio and got a charter plane to take patient to Tanana. 

Alvin: January, 1972. About 9p.m. Threw water on jet fuel fire (Jet 
£t/cl pulled out of river ana used by niiatakt] ins*;tcaci of coal oil). 
fiC'\'C:ic 1^'vd do[;i.'.'0 buvuj-^ of entire trunk. 

r?oL l)t . V.ii^wrx iu Tnt\ana on UVc] roAio that in'5;,bt ari'l /i/l^^-cf' ; ivcn- 
Cfinvtorcd out at noon next day to Galona and to Ancii;.Lci;,c: liy Mr 
plane. 

UjdLo wor!:rcl and helped. 
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KcuucthJ l.l, robruvary> 19714 /.bout, Up.m. Chcftt tiuran Crom !Jl?r/.o 
(thoui^ht it Wiuo kerosene; Dln'r^o lll;o gn/O 

No luc!< v?J.I:b r.chool radio. Father went to Oah*na, took ) ond l/X 
hours by Sno-go. 

Patlcnl: cliartorcd ovtt in a.ii\. by piano fron Oal.oua. 

Radio vould have holpcid. Would have saved ,<5omc\?hat long (^no-r.o trip. 

Four fiirlfj: lldy^ 197:2. Multiple M shot wounds, llp.isu 

Talkct^ \Ji\'h cliartor pilot in GaJona on school rarlio. r'ati<!nts pichct! 

up 1/?. )io\ir later and sent to Galena. Cared for by public health 

nurao }\x Galena* Wounds not serious. 

Radio fortunately worked. 

j?^ilVj?.]L^\?...I^.t. f ! Pi 1^.12. J:lb L^JU'dl. rllLMyfi A^.^ ^\ Jl^.?J^il^J'.Q5l ,.}^<:. t^he \\r.c\^ Hh ^ r U^ o 
had had ^r^jjj able co;'rr\unix'a^ ^iho o;U-sj.do; 

Baby: one rnonth^ January, 1971. 

Slithl cold tlie day bofove; baby died tliat ni/;!it*. Notb<u; up ntor.f: oC 
ni^'.bt. ry:n?.iaLv\i'c baby. # 

Br/jnltdng got worse and worse during, ni^ht. Hoiher didn't co;rc to 
he^ilth aide r;;coad tiu\ij until baby dead. 

Co.TTiirai\icatlou might have made a difference in wholhcr or not mother 
Ci?me to health aide and in vliothor or not the baby could have been 
evacuated to Tanana. May have been a case of poor communication 
between mother and health aide. 

ViUinu'^ 19 years old> Deceiuber, 1970, Loft on Sno-j-o for mountain, 

JO v.iilm: ;;w:iy, to hunt, Docrmbcr 23. Poorly dressed and bad no r.ia!\lic'jt. 

StoLTi for 3 dayfi. Found Deccjaber 26. 

Called Vovt. Yukon Doct^mbcr ?Ay and Army helicopter found hUu They could 
not stN'ircb until the \;catlier broke. 

(\»r = "iiir.Jt i\ r> piff^hl: Iwo b.eliicd if ufK.d firrit uiji'it. 

Mcll: r.X'out Jaiuuuy, Driv^kinii t.oavUy- f.Utrtec' liV vojjuI 

O 

ERXC >;v(.undj: durlnt; the nif;ht. Health aide obt:ni.iuvl al: lOa.r.. . cm) 
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6ho and tcachor trtod from 10a. to 9p.nu to got help on the ,<?tnto 
tAdlo, Vattent dlod at inidalsht. 
^ Coromunlcatlon might have saved this patient* 

Sam: about 70, January, 1970* llong Kong flu Qoinz atound, got 
pneumonia? Temp, 103-104. Fever 2 days. Was on pills. Felt OK 
during day, sick at night. Died 10-lla.m. 

Health aide feels radio would have made a difference if pationt had 
been rc'ported right away. 

Ben: 65-70, November, 1970. Chest pain one day, but nothing bad. 
Was chocked and seemed OKi 

In late evening chest pain came back, someone stayed overnight with 
him. Died during night. Health aide feels It was a heart attack. 
Tried all day to get Fort Yukon, Tanana, Fairbanks on school radio. 
No luck. Comnun teat ion might have helped. 

Pauline: about 70, December, 1969. 

From record: ''Daughter says she has been vomiting * brown water^ every 
evening for a v;eek»-not food. Attempted to contact doctor today. She 
Is vomiting continuously--greenish now. Told to not take anything by 
, mouth. Improved by evening.. Attempted to give a phencbarb-bolladoniia 
tablet* -vomited 1/2 hour later. Passed away at about 6:45a. m.*" 
Probably wouldn't have got her to Tanana even If good communication, but 
communication might have helped. 

Rxa^^1p](^q of c^ies in whicl i the availability of 24"ho ur einerryCnoy copjunii- 
cation via r>atel3 ,l tn rad lo^ ml^h t hnve helped : 

Malc^, 19: Frncturcd nandxble (jaw). Patient evacuated by IccoX tririnlir-i'ij 
plnne* approximately 4 hours after injury. Comirunication via HF radio 
attempted unr.ucccscfully. Satellite radio not on at thU: tir^ of clay. 
IlelJablo ?^<--liour communlcntion might have provonted a plonc trip in 

. ri:i*i\;:iiuti uo.ither. 

ERIC , • 
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I'civale, 27! AlcoliD.l v;tnidvaval or t>nooi.onln. Aftet fJ.ro, 
Ttinann contacted by IIP rolay throu(\U Koix.cbuo, GatiitULo naUo 
not on at this tLnia of day, Patient to^ on o\U hy cbfitor and 
opiirirc7nt:ly fUd OK, 

Ponalo, H i Abclopjinal pnin, Sotolllto radio not on at thi.u time 
of (lay. Taken to Tannna in local teacher' o plane. Apparently 
did OK, ComunJ cations ii\ay have saved trip, 

Ktil«^, IS: Ultraviolet burns of cornea (eye) fron weldinp^, Talkod 
witli phy^iician on F;atellil:e radio and rent to Fort Vnkon by regular 
plane nc7it day (patient had recovered) » Reliable 2^*-hour ccini{*unl- 
c!at;ion miy have saved an unnecef^fsary trip. 

Female, 2: Ingested 2 Hydroclorothlazlde tablets (diuretic) instead 
of Aspirin, As an airplane happened to be in the village; the health 
aide chartered to Tanana with the Mother* A consultation could have 
saved the trip. 



VILLAGE 



MONTH/YEAR 



HEALTH AIDE 



k B n « n 3S asi u n 38 sssi sr s« n !3 &r es . ri » ' 



Date 

N.C. , Neg. 
Admin* > 
Eoierg. 

M Bill ■ ei« n M« a 



. ERiC 



PATIENT 
Narao Age Sex 

caaa««ManQitttiHrBiaattMaia: 



Clinical Information; 
tmprcssion/Diognosis ; 
Advico/Rx 



11 

f{ 

U) 

\ : 
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Attachment vi.4 



DATA ABOUT THE BXPERIHEKTAL GROUP AND THE COHTROL GROUP OF VILUOES 
Vrcn the SPIKES file, 



SATELLITE VILLAOES ( oxpeidmental group) 
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0 


0 


1 


X 


0 
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15 
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2 
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0 


0 1 
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C^xl'i*^ 
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on 
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0 


0 




y 


0 
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« f. 
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73 
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Monana 
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5 


1 






'» 




PCxJt^n 




i 1 


n 


'f 






G 




1 


05x11;!; 


86 


1 


0 


3 


? 


V 

/l 


1 


100 


1 


CCx3?'; 


94 


1 1 


n 


5 
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0 
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1 
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Reference Code for 
ALASKA COMMUNITIES FILE In SPIRES Svatem 



POPULATION 

POP " TOTAL POPULATION FOR COMMUNITY 
NPOP » NATIVE POPULATION FOR COMMUNITY 
^°/. " NATIVE POPULATION /TOTAL POPULATION 

TRANSPORTATION 



A 




n 


AIRPORT 




0 


m 


UNAVAILABLE 




1 


n 


SCHEDULED SERVICE 




2 


Ma 


UNSCHEDULED SERVICE 


RO 




S3 


ROADS 




0 




UNAVAILABLE 




1 




AVAILABLE 


WT 




a 


WATER TRANSPORTATION 




0 


ea 


UNAVAILABLE 




1 


n 


FERRY 




2 


a 


RIVERBOAT 



COMMUNICATION 





B3 


TELEPHONE 




0 


a 


UNPLANNED 




1 


a 


EXISTING RCA BUSH TELEPHONE 




2 


a 


RCA BUSH TELEPHONE PLANNED, PHASE 


ONE 


3 


B 


RCA BUSH TELEPHONE PLANNED, PHASE 


TWO 


4 




RCA BUSH TELEPHONE PLANNED, PHASE 


THREE 


5 


a 


COMMERCIAL TELEPHONE AVAILABLE 








HIGH FREQUENCY RADIO AVAILABLE 




0 


a 


UNAVAILABLE 




I 


a 


PRIVATE 




2 




STATE 




3 


a 


PUBLIC HEALTH SERVICE 




4 




BUREAU OF INDIAN AFFAIRS 




5 




UNKNOWN OWNER 








SATELLITE 




X 


8 


LINK AVAILABLE 





(BLANK = UNAVAILABLE) 

POWER 



PS 






SOURCE 




0 




UNAVAILABLE 




1 




INDIVIDUAL GENERATOR 




2 


a 


DIESEL GENERATOR 




3 




TIE LINE 




4 




SCHOOL GENERATOR 




5 


a 


REA 




6 


a 


POWER AVAILABLE, SOURCE UNKNOWN 


PO 






DISTRIBUTION 



(SHOWN AS: % OF RESIDENTS WITH POWER) 

HEALTH AIDES 

HA = NUMBER OF HEALTH AIDES ASSIGNED 
(BLANK = NONE) 
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Reference Code for ALASKA COMMUNITIES FILE in SPIRES System, Continued 



COORDINATES 

LA - UTITUDE 
LO » LONGITUDE 



NOTE: BLANKS are to be treated ao an indication of MISSINC DATA 
except as noted under SATELLITE and HEALTH AIDES. 



ERIC 
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Attachment VI. 5 
ANMC HOSPITAL 

Hospitalization Rates Before and After Satellite Installation 



Satellite Villages 
Before After 



Non-Satellite VlUagea 
Before After ' 



FY 



FY 



FY 



FY 



FY 



FY 





i 1970 


1972 


1973 


1970 


1972 


1973 1 

1 t 


Number of Patients 












I 


— 16 categorleo of 
medical diseases 


32 


32 


50 


50 


28 


24 


--Pregnancy /delivery 


1 


2 


7 


2 


2 


1 


— Soclobehavioral 


8 


4 


7 


10 


11 


9 


--Supplemental 


12 


10 


14 


8 


3 


4 


Total 


53 


48 


78 


70 


44 


38 


Days of Stay 














— 16 categories of 
medical diseases 


997 


630 


878 


1,461 


599 


- 

545 


— Pregnancy/delivery 


11 


8 


53 


27 


36 


3 


—Soclobehavioral 


121 


96 


189 


478 


178 


228 


—Supplemental 


179 


73 


109 


121 


36 


31 


Total 


1,308 


807 


i,2;i9 


2,087 


': 849 


807 


Average Length 
of Stay 














— 16 categories of 
medical diseases 


26.9 


19.7 


1 

J 

17.6 


29.2 


21.4 


22.7 


— Pregnancy/delivery 






7.6 


13.5 


18 


3 ! 


— Soclobehavioral 


15.1 


24 


27 


47.8 


16.2 


25.4 ( 


— Supplemental 


14.9 


7.3 


7.8 , 


15.1 


i 12 


7.7 


Average in all cases 


22.5 


16.8 


15.7 


29.8 


j 19.3 


21.2 
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Attachment VI, 6 
TANANA HOSPITAL 

Hospitalization Rates Before and After Satellite Tnstallatton 



Satellite VillaRes Non-Satellite Vlllagea 





! T^pfofA 


1 

After 


Q A f A •« A 

oeiore 


After 




! 

FY 
1970 


FY 
1972 


FY 
1973 


1?V 

1970 } 


FV 
1972 


FY 
1973 


Nutnbet of Patients 








1 






— 16 categories of 
medical diseases 


94 


109 


84 


66 


66 


35 


— Pregnancy/delivery 


20 


1 A 

19 


16 


8 . 


12 


0 


--Soclobehavloral 


49 


40 


48 


25 


31 


28 


— Supplemental 


34 


oZ 


50 


16 


29 


8 


Total 


197 


O A 

230 


198 


115 


138 


71 


Lfayo Kji. Olroy 








I ; 






'--16 categories of 
medical diseases 


773 


914 


987 


453 


698 


475 


—Pregnancy/delivery 


282 


354 


304 


146 


225 


0 


— Soclobehavloral 


375 


400 


395 


248 


197 


336 


— Supplemental 


198 


248 


329 


86 


202 


87 


Total 


1,628 


1,916 


2,015 


' 1 

933 


1,322 


898 


Average Length 
of Stay 








1 


1 , 




--16 categories of 
medical diseases 


8.3 = 


8.3 


11.7 


6.8 


10.6 


13.6 


--Pregnancy /delivery 


u.ii 


18.6 


19 


18. 2i 18.7 


0 


—Soclobehavloral 


7.6; 


10 


8.2 


9.9! 6.3 


12 


— Supplemental 


; 5.8i 


4 


6.6 


5,4 


6.9 


10.9 


Average in all cases 


J 

8.3| 

1 


8.3 


10.1 


1— — j 

8.1 


9.6 


12.6 
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Attachment VI. 7 
BOTH HOSPITALS 

Hospitalization Rates Before and After Satellite TnHtnl Inl Ion 





Satellite Villages 


Non-Satellite Villages 




Before 


After 


Before 




After 




FY 
1970 


FY 
1972 


FY 
1973 


FY 
1970 


FY 
1972 


FY 
1973 


Number of Patients 














—•10 categories oi 
medical diseases 


131 


141 


134 


116 


94 


59 


—Pregnancy/delivery 


21 


21 


23 


10 


14 


1 


--Soclobehavloral 


57 


44 


55 


35 


42 


37 


— Supplemental 


46 


72 


64 


24 


32 


12 


Total 


255 


278 


276 


' 185 


182 


109 


Days of Stay 














— 16 categories of 
medical diseases 


1,770 


1,542 


2,226 


1,870 


1,323 


934 


— Pregnancy/del Ivery 


293 


\ 362 


357 


173 


261 


3 


— Soclobehavloral 


496 


- 496 


584 


726 


: 375 


564 


— Supplemental 


377 


■ 521 


438 


207 


238 


118 


Total 


2,936 


12,921 

1 


3,605 


2,976 


-r 

i2,197 


1,619 



Average Length 
of Sta^ 



ERIC 



— 16 categories of 



medical diseases 


13.5 


10.9 


16.6 


16.^ 


14.1 


15.8 


— Pregnancy/delivery 


13.9 


17.2 


15.5 


17. sj 


18.6 


3 


--•Soclobehavloral 


8.7 


11.2 


6.8 


20. 7j 


8.9 


15.2 


--Supplemental 


8.2 


7.2 


6.8 




7.5 


9.8 


Average of all cases 


11.1 


11.6 


13.1 


■ - ■ ■ — 1 — 
16. ij 


12.07 


14.9 
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Attachment VI»a 
Categorizations of Diagnosis and Groups of Diagnosis 
in Four Major Categories (inpatleot dlagaoses) 



FIRST CATEGORY; PROBLEMS WITH aEAR PHYSIOLOGICAL ORIGIN AND MANIFESTATION 

(16 Categories of Medical Diseased) 

Tuberculosis 

Venereal diseases ^ all forms 

Infectious disease commonly arising In Intestinal tract 
Other bacterial diseases 
Diseases attributable to viruses 
Other infective and parasitic diseases 
MallRnant Neoplasms 

Buccal cavity and pharynx 

Digestive organs and peritoneum 

Respiratory system 

Breast and genitourinary organs 

Other and unspecified sites 

Lymphatic and hematopoietic tissue 
Benign and unspecified neoplasms 
Diseases of thyroid gland 
Dlabetus mellitus 
Disease of other endocrine glands 
Avitaminoses and other metabolic disease 
Diseases of blood and blood-^forming organs 
Inflammatory diseases of central nervous system 
Other diseases of central nervous system 
Disease of nerves and peripheral ganglia 
Other disease and conditions of eye 
Otitis Media 

Other diseases of ear and mastoid process 
Vascular lesions affecting central nervous system 
Rheumatic fever 

Chronic rheumatic heart disease 
Arteriosclerotic and degenerative heart disease 
Other disease of heart 
Hypertensive heart disease 

Disease of arteries, veins and other diseases 
Acute upper respiratory infections 
i;In£luen2a 
Pneumonia 
Bronchitis 

Other disease of repiratory system 
Allergic disorders 

Disease of buccal cavity and esophagus 
Disease of stomach and duodenum 
Appendicitis 

Hernia of abdominal cavity * 
Other disease of intestines and peritoneum 
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Disease of liveri gallbladderi and pancreas 

Nephritis and Nephrosis 

Other diseases of Urinary System 

Disease of Male Genital Organs 

Diseases of Breast and Female Genital Organs 

Infections of Skin and subcutaneous tissue 

Other diseases of skin and subcutaneous tissue 

Arthritis and rheumatism 

Osteomyelitis and other diseases of bone and joint 
Other diseases of musculoskeletal system 
Congenital malformations 
Certain diseases of early infancy 



SECOND CATEGORY! 'ISOCIO- BRHAVIORAL^' PROBLEMS 

Mental Disorders 

Acute brain disorders 
Chronic brain disorders 

Psychotic, psychophysiologic, psychone\irotic , personality disorders 

and mental deficiency 
Alcoholism 
Accidents 
Fractures 

Dislocations, sprains, and strains 
Head Injury (excluding skull fracture) 
Internal injuries of chest > abdomen and pelvis 
Lacerations and open wounds 
Superficial Injuriesi contusions 
Burn ^ 

Adverse effects of chemical substances 
Other adverse effects 



THIRD CATEGORY: PREGNANCY. DELIVERY. AND COMPLICATIONS 

Complications of pregnancy 

Abortion 

Delivery 

Complications of the puerperium 



FOURTH CATEGORY; (RESIDUAL) 

Symptoms, Senility, and Ill-defined conditions 
Supplemental treatment 

Special conditions and examination without sickness 
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ATTACHMENT VI. 9 

The following sample transcripts have been excerpted from 
several different days of '^Doctor Call/' They are included 
here to give a general impression of how audio teleconsultations 
sound. These excerpts are taken from tapes of the interactions 
and include several different doctors and health aides* All 
Identifications, especially those referring to patients, have 
been removed* 
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Conversation 1 



T4\NANA - Tanana railing (village) < 

VILLAGE - This Is ^illag^ back to Tanana. iWe got negative medical traffic 
for you, over. 

T - OK, did you ask about Darvon and breast feeding yesterday? 

V - Roger on that, over. 

T - Uh, generally, as a rule, we don* t like people taking any medication 
when they are breast feeding, but there Is no problem caused by taking 
Darvon when breast feeding. As a rule for advice, I wouldn^t recommend 
people taking medicine while they're breast feeding, because some of it 
usually gets to the baby In the milk, but there Is no ktovm specific 
problem with it* 

V - Roger on that. She's fairly much better yesterday and today. I Just told 

her not to take that Darvon. I've got nothing else for you If you have 
anything for me. 

T - No message today. This is Tanana clear with (village). 



Conversation 2 
T - Tanana calling (village). 

V - (village) back to Tanana, I have one for you, over. 
T - I didn't copy, you have one for me? over. 

V - Roger, Roger, Roger, I have (female patient), age 11, have sore eye. 

She, her eye, the white part is red and now her eyelids is pussy, over. 

T - Did she hurt her eye, did she get anything stuck in it, how does the 
clear part of the eye look? over. 

V - It looks red. She woke up like that day before yesterday morning, over. 
T - OK, is she on eyedrops now, or did she start? over. 

V - She just came to clinic just awhile ago so I*m just reporting her now, over 

T - OK, I think she'll improve with eyedrops about every 4 hours while she 
is awake; while she's awake, I'd put eyedrops in that eye every four 
hours - have her hot pack and wash the eye when she gets up and is home 
from school and at nighttime at least. She should keep her fingers out 
of the eye - make sure she's not picking at It. If it itches or something, 
she's got to get a paper towel and put some water on it or a wash cloth and 
wipe off the outside of her eye. She can't pick at it with her hands, over 



V - Roger, Roger. I talk to those stations last night about the eye clinic 
but they didn't give me yes or no and they said that they would see me 
later. I talked to (female patient's) mother, and she wanted her to go, 
but she would let me know later. I also talked to (female patient) and 
(male patient). He's got no problem with his new glasses so he said h€^ 
doesn't have to go to the eye clinic . , . over. 
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T - OK, fine, we've got a few days to figure out who^s coming, tliat's 
fine and (male patient) doesn^t need to come up and Its good they're 
thinking about It and we'll get an answer from him soon, over* 

V -* Roger, Roger, that's all I have OH, excuse me, day before yesterday 

(male patient) i age 7, was playing In the yard, schoolyard, ^nd fell* 

I don't know how he fell, but his mother brought him to me about 2:30 

and 1 , uh, his arm was kind of hanging so I start feeling around 

and he looked like he had a broken collar bone so I put a bigger 

ace bandage on It and yesterday I checked him. It was loose, I tightened 

It again and he's doing OK, I check him this morning - he was OK, over* 

T - OK that's fine, make sure that they understand that the figure of eight 
needs to stay on for longer than Just until it's comfortable. It 
should stay on until the collarbone Is non-tender - so that you can 
push around and It doesn't hurt and that It's stable so he'll need 
to wear It for a number of weeks probably at least 3, over* 

V - Roger, Roger* That's what I told the mother that It should be on 

at least 3 weeks* Also yesterday, after your medical traffic, (male 
patient), age 13, came in and he got kicked right in the side -> on 
the right side - shows a little bruise - but not real bad* He said 
it hurts when he puts his weight on it, but I had someone haul him 
^hooies^ hM house and told hi© that he should stay in bed and I 
checke^-^hil) after that and he was sitting up looking at comics and 
I asked him if it hurt, and he said not as long as he didn't step 
on it, and he could walk good, he Just couldn't put his weight on 
it, over* 

T - Where is the bruise? over. 

V - Outside of left - outside between hip bone and knee* 

T OK, let's Just see how he does - sounds like a pretty deep bruise, 
but if he's walking ok and the bone seems Intact, uh. Just have him 
contact you if things aren't clearing up* No other message here* 
Thank you* 

V - Roger, Roger* I also checked (female patient) this morning and she's 

fine* She's using her hands and no problem now, over. 

T - OK, that's good to hear* It's a lucky one* those ^injuries can be 
pretty bad. Did the teacher's wife take off to have a baby? over. 

V - Roger, Roger. That's last week - she's over in Nome now, over. 

T - OK, Just trying to keep an idea of how many women close to term we 
have outside. That's fine - if there's no other traffic - this will 
be Xanana clear with (village)* 



ERIC 
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Conversation 3 



T - (Female patient) Is doing well^ Talked to some of the doctors and 
think she'll be in the hospital a total of six weeks since she was 
admitted. She^s doing well as far as her leg goes but she has 
diarrhea but is under control* We wondered if you had any diarrhea 
In your village. They think it might be something she could have 
picked up up there. Has anyone else had a lot of diarrhea? ovori 

V - Roger, Roger. We have had a few cases of diarrhea. As 1 recall, 

I think (female patient) complained of this backache but she dldn^t 
have loose BM, over. 

T - Roger, have the people been sick with diarrhea for a long time and 

have they had fevers or have they just been a one or two day thing? over. 

V - Roger, Roger. I had (male patient) with diarrhea with high fever. 

He did have a high fever of about 103^ and he did have diarrhea with 
It. He didn't get over until about one week, over. 

T - How long ago did that person get over It and did he have any vomiting 
with it, over. 

V - Negative on vomiting, he did not voralt> but he just didn't feel like 

eating for about 3 or 4 days - he did not eat. But he did have high 
fever and he is well right now. 

T - Roger, Roger. Thanks a lot for the information. I don't think there 
are any more patients from (village) here and I will try to let you 
know how (female patient) is doingi 

V - Did you say she will be hospitalized about 6 weeks? 

T - They put a pin in the lower part of the leg Just below the knee. 

It goes right through the bone. It doesn*t cause her much pain, only 
a little bit. When it goes in there they freeze that part of the 
leg. They put that pin through so they can put some stretching on 
the bone that she broke so it will line up properly and heal properly 
and so she has to lie in bed with that lowr part of her leg pinned 
so it will pull the upper part of her leg into the proper alignment 
and it takes about 6 weeks I am told, and that*s - I expect she'll 
be in the hospital about a total of six weeks. Did you copy that? over. 

V - Roger, Roger. We copy that. Now that she will be in the hospital 

six weeks, do the children go to school in Anchorage hospital? over. 

T - Roger, yes they do. 1 don't know what kind of arrangement will be 
made for (her); she^ll probably have to stay down in her room, but 
there is a school here and they do try to keep up somewhat with their 
school work, over. 

V - The teacher here was thinking she could be sending some school work 

down to the children at the hospital. Do you think that would be 
OK if teacher sent work so they won't get too far behind? over. 

T - I'll see what I can find out. It sounds like for the next one or two 
days (she) will probably be getting over this diarrhea. I'll talk with 
the teacher or whoever runs the school here and see what they say and 
try to let you know tomorrow. Is that OK? over 




V - Roger, Roger, That sounds OK. (Village) clear. 
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Conversation 4 

V - (Village) and I have one patient. 
T - OK, go ahead, over. 

V - (Female Patient), age 22, has a burn on left hand from Friday, Now 

It Is Infected and red around Iti 

T ^ She^s had the burn for one week, over? 

V - Yes, It^s got Infected now, over. 

T - How big Is It and how deep Is It? over* 

V - About 1 Inch by 1 Inch wide} it had blister but the blister turned 

to infection, over. 

T - OK, how is she taking care of it now? over* 

V - She^s soaking it four times a day, over. 
T - Has she used any ointment on it? 

V - She's using vaseline on the burn, over. 

T - OK, start soaking it in soapy water three times a day. Use your burn 
ointment on it three times a day after she washes it. Use a sterile 
covering on it to keep it clean. If she^s not allergic to penicillin, 
start her on penicillin tablets one four times a day for the next 
three days. If it's not Improving or it gets worse, let's talk 
about it on the weekend, over. 

V - I'ra out of penicillin tablets, over. 

T - Xanana back to (village), please repeat, over. 

V - I'm out of penicillin tablets. 

T - OK, they were sent yesterday. I don't know if you will get them though. 
Use your penicillin suspension, uh, or do you have erythromycin tablets. 
I'd like to save your penicillin suspension* Do you have erythromycin 
tablets? over. 

V - Yes, I have lots of that, over. 

T - Well, start her on 1 tablet erythromycin four times a day along with 
the local care, washing and the ointment. Use the ointment only 
until the skin heals over and then stop using it, over. 

V - It will be for how long? over. 

T - Well, we'll see for three days now, until we see how she is coming 
along. She'll probably be on it for five days or until the skin is 
closed, over. 

V - Roger, Roger. 

T - Any other traffic? over. 

V - No, this is all the traffic I have, over. 

T - OK, thank you. This will be Tanana clear with (Village). 

O 

ERLC 
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Attachments to Chapter VIII 

VIII •! St, Paul Doctor's questionnaire 

VIII. 2 Consultants' questionnaire 

vni.3 List of diagnoses of the consulted cases 



ERLC 
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Attachment VIII. 1 

St« Paul Doctor questionnaire 

(The figures refer to the number of 
times each square was checked on 
the 17 questionnaires filled out,) 
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TO BE DONE PRIOR TO RADIO CONTACT 



0 Patient Name: 

2) Dote: 3) Sex:, 

Initial Diagnosis: 



5) Severity Classl f icat loni (Realizing It Is difficult to develop a universal severity 

classification, please checl< the most nearly descriptive^, 
category) 

Class I: A sfmple question about an essentially asymptomatic Individual, 

I.e., about medication, preventive management such as an Immuniza- , 
tlon or the use of a household remedy^ /Jl7 

Class 2: Evaluation of a minor but symptomatic problem relating to a 

particular organ system, for Instance URI or urinary tract Infec- 
tion v/lth little potential to become a severe problem and little 
potential for mortal I ty» /^A / 

Class 3: Evaluation of a mod-rate!y severe problem with potential for 

deterioration to a severe problem or to disability or chronic ^.^^^ ^ 
disease with moderate potential for mortality* /T7 

Class hi Evaluation of a problem producing severe symptoms or potential 

disability or a chronic process wfth a high potential for 

mortality. /s/ 

Class 5: Evaluation of a severe problem of life-threatening proportions. /I 7 

6) Urgency Scale: 

Class 1: Not at all urgent - delay of I week would not effect outcome re. 

health status. / 3 / 

Class 2: Some urgency • delay of a few days might result in significant 
worsen Ing 

Class 3: Urgent - dalay of 2^ hours affords substantial risk to patient /j[7 

Class True emergency exists / 1 / 

7) Realizing there are many reasons for consultation, would you check the most nearly 
doscrintiw cntejjorios for consultation sought in this case: 





Primary 


Also Signifi- 


Mot Signifi- 




Purpose 


cant 


cant 


For diagnosis 


HJ 


m 


£57 


For treolment 


ITU 




df 


For preventive mrinogement 


/±7 


lU 


U/' 


For patient reassurance 


/T7 


UJ 


/n/ 


O patient inotivat Ion 

ERIC 






/iT/" 


'^Tuf M.p# roassurcince 


lT7 


/TT 
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8) (Prior to radio contact) regarding transfer: 

a) patient probably doesn't need transfer 

b) patient should bo transferred via weekly or biweekly airplane 

c) patient should be transferred via charter (as soon as possible) 

9) Service sought: (Surgery, medicine, etc.) 
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TO BE FILLED OUT AFTER CONTACT 



1) Post Contact Diagnosis: 



2) The service and/or individual sought was contacted: 
Yes: rj No: /^J 

3} The results of the consultation v^erc: 

a) No change in management recommended / 4 / 

b) Diagnostic studies suggested / 3 / 

c) Change or institution of treatment [TJ 

d) Transfer arrarjged or suggested /19/ 
'0 Do you feel the consuHation would have been materially Improved by the addition of: 

a) Facs1mile transmission / ^ / 

b) ECG or other physiological parameters / 1 / 

c) Aud lov isual transmission (s lowscan T. V. one- 
way to Anchorage) / 2 / 

NONE OR NO ANSWER /I 2 

5) In rating the value of the contact In management of t hi s patient; 

a) Not at all valuable P^f 

b) Minimal value / ^/ 

c) Moderately valuable / 9/ 

d) Very valuable £57 

6) Concerning predicted outcome relative to this patient the consultation had: 
a}no effect on eventual outcome / ^ / 

b) some effect probably only relative to symptoins 

probably not influencing future disability /m/ 

c) definite effect relating to future wellbeing or 

prevention of disability / ^ / 

d) marked effect possibly life saving or prevention 

of major disability Zj7 
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Attachment VIII* 2 



Consultants' Questionnaire 

(The figures refer to the 
number of times each square 
was checked on the 29 
questionnaires filled out.) 



STANFORD UNIVERSITY 



STANFORD. CALIFORNIA 94303 



INSTITUTE FOR COMMUNICATION RESEARCH 



Dear Doctor 



You recently consulted vlth Dr. Ted Humphry of St, Paul 
Island via the ATS-1 satellite radio, concerning a patient 
whose name Is written on the bottom of this letter. 

We are evaluating the impact of the communication system 
via ATS-1 on the health care of the people served. In this 
instance, we are Investigating the effectiveness of radio 
consultation between physicians, 

The effectiveness of consultation to a remote site may be in- 
fluenced by a variety of factors, including the resources avail- 
able at the remote site, the seriousness of the condition and 
the diagnosis. There are also other factors which influence 
the Incidence of consultations, such as the level of anxiety 
in both the patient and provider. 

The accompanying data collection form asks for information 
along these lines. This information will be correlated with 
data collected by Dr. Humphry from his vantage point in the 
consultative interaction. 

The form is a series of scales relating to complexity, urgency, 
the reasons for the consultation and the results of consultation 
It should not take more than a very few minutes to complete, and 
your cooperation will be greatly appreciated. There is an 
attached stamped envelope which can be used to mail the form 
directly to me. 

Sincerely, 



William C, Fowkes, Jr., M.D. 
ATS-1 Evaluation Project 




Patient *s Name 



Date of Consul ation 
Diagnosis 
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1) Consultant's Name: 

2) Department: 



3) Date of consultation: 

4) Diagnosis 



5) Severity Classification: (Realizing It Is difficult to develop a universal severity 

classification, please check the most nearly descriptive 
category) 

Class 1: A simple question about an essentially asymptomatic Individual i 

i.e.f about medicatloDi preventive management such as an Immuniza- 
tion or the use of a household remedy, / 7 

Class 2: Evaluation of a minor but symptomatic problem relating to a 

particular organ system) for instance URI or urinary tract infec- 
tion with little potential to become a severe problem and little 
potential for mortality. / 4T 

Class 3; Evaluation of a moderately severe problem with potential for 
deterioration to a sevsre problem or to disability or chronic 
disease with moderate potential for mortality. /\^/ 

Class 4: Evaluation of a problem producing severe symptoms or potential 

disability or a chronic process with a high potential for 

mortality* 4 / 

Class 5: Evaluation of a severe problem of life- threatening proportions. 

6) Urgency Scale: 

Class 1: Not at all urgent - delay of 1 week would not effect outcome re 

health status. 

Class 2: Some urgency - delay of a few days might result in significant ^ 
worsening. 

Class 3: Urgent - a delay of 24 hours would have meant substantial risk ^ 

to patient. / 2/ 



Class 4: True emergency existed. 



/ 1/ 



7) Realizing there are many reasons for consultation, would you check the most nearly 
descriptive categories for consultation sought In this case: 

Primary Also Slgnifl- Not Slgnifi- 

Purpose cant cant 

For diagnosis ^-^ 



For treatment 

For preventive management 

For patient reassurance 



rw fw fZoj 

rjf CB 
m m m 



For patient motivation 7*^7 iTT] 

2f" M.D. reassurance /TT/ /"^7 

ERJC ~ 
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8) The results of the consultation were: 

a) No change In management recommended /TV 

b) Diagnostic studies suggested 

c) Change or Institution of treatment 

d) Transfer arranged or suggested /TT/ 

9) Do you feel the consultation would have been materially improved by the addition of; 

a) Facsimile transmission 

b) ECG or other physiological parameters /tV 

c) Audiovisual transmission (slowscan T*Vi one- 

way to Anchorage) / 6 / 

NONE OF THEM OR NO AI^SW.:f. /T< 

10) In rating the value of the contact in management of this patient: 

a) Not at all valuable /TT/ 

b) Minimal value /TV 

c) Moderately valuable 

d) Very valuable /"TE^ 

11) Concerning predicted outcome relative to this patienti the consultation had: ^ 



a) No effect on eventual outcome 

ative to symptoms 



fU 

b) Some effect probably only relative to symptoms 
probably not influencing future disability 

c) Definite effect relating to future wellbeinfj or 
prevention of disability /"iZ/ 

d) Marked effect possibly life saving or prevention 

of major disability /"5V 
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Attachment VIII* 3 



DOCTOR-TO-DOCTOR CALL—St- Paul - Anchorage 
Diagnoses of the Consulted Cases , 



6«I,Bleedlng 

Fractured Tibia 

Fractured both Forearm bones 

Adjustment reaction of Adolescence 

Early dos. of Ant. Fontanel 

Foreign body in ear canal 

Fractured radio and tibia 

Adjustment reaction of Adolescence 

G»I, Bleeding 

Probably missed abortion 

Angina 

Epigastric pains 

Tonsillitis, fever, septicemia 

Coma> etiology 

Ischemic heart disease 

Post auricular abscess, mastoiditis 
sebaceous 

Iritis 

Rectal Mass 

Chest pain pleural 

Ruptured globe 

Perforated gastric ulcer 

Rectal Mass 

Breast abscess 

Hyperventilation 

Hemlatum 

Fractured arm 

Pancreatitis 

Pleurltls chest 



Specialty 

Medicine 

Orthopedics 
11 

Mental Health 

Pediatrics 

Otolaryngology 

Orthopedics 

Mental Health 

Medicine 

Ob-Gyn 

Medicine 

Surgery 

Pediatrics 

Medicine 



KNT 
Eye 

Surgery 
Medicine 

Surgery 

Surgery 

Ob-Gyn 

Hediclne 

Pediatrics 

Orthopedics 

Medicine 
It 



Note: In two cases the diagnoses were not reported 
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Attachments to Chapter IX 

IX. 1 Description of the course 

IX. 2 ecu Course objectives 

IX. 3 ecu Course schedule 

IX. 4 ecu test and standards 

IX. 5 Tabulation of student responses to evaluation questionnaire 
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Attachment IX. 1 

Cours e Number ;^ Mcdlcol Science ^53 
Title; Coronary Core Nursing (2+2) 
Crcdl ts: J 

Ffrst Offered; Folli 1972. 
Course Oescrlptton: 



This course will enable students to effectively care for coronary patients 
and win give them a working knowledge of coronary caro units and equipment. 
Emphasis will be placed on detection, Identification, ^nd treatment of 
cardiac problems through signs and symptoms, and arrhythmias through electro 
cardiography. Anatomy, physiology, and pathophysiology of the cardlo^* 
pulmonary system will be rcvicv;ed In detail as well as pharmacology specific 
to this field. CPF\ and electrical safety wll! also be discussed* Nursing 
Intervention and care will be a continuing theme throughout the course. One 
two-hour lecture will be presented via satellite radio per week. Additional 
handouts and textbook reading v/} )) be assigned. 

Estimated Enrollment; 20 

Offered as Special Topics; Yes 

Required for Degree; No 

Replacing Required Course; No 

Justification for Offering; 

Due to the Increasing knowledge, specialization and equipment evolving tn 
this field, It Is necessary to keep the nursing population Informed and 
capable of handling cardiac problems. The remote area medical personnel are 
the first and therefore the best people to detect and treat cardiac problems 

Prercquisi tcs; 

Course Is open to registered nurses, licensed practical nurses, medics, 
physicians assistants, and other health vjorkers with proper medical back- 
ground* Consent of instructor required for prospective registrants other 
than those specified. 

Instructors; Richard Lyons, H,D, (Chairman) 

Betsy Ovitt, R.N. (Coordinator and Instructor) 
Guest Lecturers 

Consultation of Nancy White R.N., Clinical Nurse Specialist, 
Washington-Alaska Regional Medical Program 

Course Out 1 Inc: Attached 



•f exts: Andrcoll, Hunn, Zipcs £ WaHocc, Comprehensive Cordloc Core , 
C* V* Hoslcy Co., Second Edition. 

Ad d It tonal Student UnterUils; Folder from American llcort Association 

Syllabus 
Handouts 

Hethods of £xon|ninn and Testing; 

A midterm and final exam proctored by. the group leaders will each con- 
tribute 25'4 toward their grade. Qu!?:zcs before each week's lecture will 
accumulate to another 2S%* The final quarter will be based on their 
additional asslgnrrents from each topic. A letter grade will be Issued 
fit the end of the course. 
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ecu C'OURSE ODJETtTVES 



)• To develop a working knowledge of the onotomy^ physlologyi and patho- 
physiology of the cardlo-'pulmonary system* 

2» To Increase knowledge and understanding of the causes, complications, 
and treatment of patients with myocardial Infarction and disorders of 
the heart beat* 

3* To Increase knowledge and skills In recognizing and Interpreting elec- 
trocardiography, especially the recognition and treatment of lethal 
disorders of the heart. 

To be able to properly use electronic monitoring and def Ibr 1 1 lating 
equipment • 

5* To develop skills In early recognition and treatment of cardiac com-* 
pHcat Ions . 

6« To be familiar with CPR principles and practice and to confidently 
Initiate them In an emergency situation. 

7« To develop an understanding of the basic drugs and their desired and 
toxfc effects In relation to the cardiac patient. 

8« To develop a basic understanding of the laboratory tests pertaining 
to cardiac and resperatory disease and their significance and In- 
terpretation as used for the cardiac patient* 

$• To develop a working knowledge of fluid and electrolyte balance In 
relation to the coronary patient, 

1Q« To be aware of the respiratory system as a separate entity and as an 
integral part of the cardlo-pulmonary system; and to be aware of the 
function and use of available respiratory equipment. 

11« To develop a basic knowledge of electrical safety as applied to the 
hospital setting. 

)2« To be able to develop and apply a working knowledge of all aspects of 
patient care In relation to the cardiac patient. 

I3» To be aware of the fact that knowledge and skills gained In this 
course can and should be applied with confidence in any type hos- 
pital setting. 
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Attachmeat IX, 3 
SCHEDULE FOfl COflOMARY CARC COUIISE, FALL, 1973 



Topics 

Introduction to course, Review of the anotomy ond physlolocjy of 
cardlo-pulrronory system. 

Electrocardiography and Monl tortng, Normal EK'G conf Igurat Ibn, 
Relationship of EKG to heart activity, Prfnclplct of taking 
proper EKG* Proper monitoring of ti)C pt. flow to achieve It. 

Pharmacology. Discussion of action, uses, and toxic effects of 
cardiac glycosides, antiarrhythmic, sympathomimetic, anticholin- 
ergic, ant Icoogulent , diuretic and miscellaneous agents* 

Uncomplicated HI, Coronary heart disease, definition and 
ImpUcatJons. Presenting signs and symptoms of angina, Ml and 
coronary Insufficiency, Lab tests and EKG used for diagnosis. 
Treatment in the uncomplicated course for pt. Nursing care. 

Complicated ML Presenting signs and symptoms and Rx for con- 
gestive heart failure, cardiogenic shock, embolism, aneurysm 
and tamponade, Nursing care. 

Sinus arrhythmias. Identification and treatment of cardiac 
arrhythmias which arise In the sinusnode. 

Atrial arrhythmias. Identification and treatment of cardiac 
arrhythmias v/hich arise In the atria. 

Junctional (Nodal) arrhythmias. Identification and treatment 
of cardiac arrhythmias which arise In the A*V junction (node). 
Bundle Sranch Block. 

Ventricular arrhythmias. Identification and treatment of cardiac 
arrhythmias which arise In the ventricles. 

Heart Block. Identification and treatment of heart block. Pace- 
maker equipment. Nursing care of patient with pacemaker. 

CPR - Electrical Safety. Principles In using CPR. Principles of 
electricity and electrical safety In the hospital setting. 

Respiratory System. Review of physiology. Respiratory system 
Importance In cardiac care. Inhalation therapy equipment and uses. 

Epidemiology, Rehabilitation of Coronary Patients. Learning needs 
of pt. 

Congenital defects. Signs and symptoms. Treatment.. 
Open. Questions and review. 
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Attachment IX* 4 



Description of Washtngton/Alaska Regional 
Medical Program CCU Test and Standards 



The tests used by Washington/Alaska R.M.P, for pre and post testing 
contain 100 Items each which are weighted In the following fashion: 



CCU Concepts 1) 

Anatomy and Physiology 3) 

The Classic Mi 8) 

Diagnostic Tests 5) 

Rehabilitation 8) 



Summarized as CCU Concepts 



Complications of an Ml 13) 
(excluding arrhythmias) ) 



Summarized as Complications 



Electrocard iography 
Equipment and Safety 
Arrhythmias 



8) 
3) 
19) 



Summarized as Arrhythmias 



Chemical Therapy 



13) 



Summarized as Chemical Therapy 



Other Therapy ( Le. 

pac ing , resuscl tat Ion) 19) 



Summarized as Other Therapy 



The pre and post tests are of equal difficulty according to standard 
statistical measures. The student answers each question with what he supposes 
to be the correct answer and In addition rates certainty of that answer on a 
scale from one to three or absolute certainty to guessing. The computer summary 
of the students' scores then computes not only how many questions were answered 
correctly but also the number of questions that the student was certain about 
and how many which he or she says she was certain about that she actually 
answered correctly. Thus the tests can measure three areas of potential change 
from pre to post course: 
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1. Change In knowledge (right/wrong scoro) 

2. Change In expressed certitude and guessing 

3. Change In ability to evaluate the students' knowledge about CCD nursin 

These three factors are recorded for the overall exam as well as for 
solid content area within the exam for each student and each class taking 
the exam. (See Attachment VI ) 

The regional mean for the pre-test Is 32^; the regional mean for the 
post test Is 53%. The reliability coefficient of these exams when admin- 
istered to a group of ten or more Individuals range from 0.89 to 0.95. 
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Attachment IX. 5 

Tabulation of Student Responses to 
(c^'ifse Evaluation Questionnaire 



A. Course Content 

K In general > do you feel the course content was: 



a. hard to fol low 

b. Impractical 

* c» too basic 

^ d. too much material 
for you to handle 



I 2 








1, 3 


k 


k 


3 


1 


2 


6 


.5 




6 


8 


1 


k 


9 


1 


1 



not enough neW| useful 



Comments: 



B. Lectures 

K In general, did you consider satellite radio lectures to be; 
a* repetitious 

b, unnecessary 

c, confusing 
>v d. too short 
^ e. too basic 

Comments; 

C. Visual Aids (Slides) 
I. In general, do you consider that the slides were: 

a. unnecessary 12 2 19 helpful 



2 


? 


10 Informative 


2 


3 


10 helpful 


2 


9 


h organized 


8 


5 


2 too long 


1 7 


6 


\ too technical 



b. inappropriate to 
lecture 

c. too much trouble 
to show 

d« repetitious 
Comments: 



n appropriate to lecture 



1.3.3 I 7 worthwhile effort 
1 3 IjO added useful Input 
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Question Times 

Was time allotment for questioning during lecture: 



1 2 


3 






a. unnecessary 


\ 


6 


8 helpful 


>^b. too short a period 2 1 


iO 




1 too long each period 


'^c. too few periods 1 3 


9 


\ 


too many periods 


d. confusing 1 


\ 


2 


1 1 worthwhl le 


Comments: 








Syllabus 








In general, do you feel syllabus 


was: 




unnecessary 


1 




\\\ necessary 


Were extra readings In syllabus; 








not helpful 1 


1 


2 


11 helpful 


Were lecture outlines: 








too general 3 


2 


3 


7 detailed enough 


confusing 1 1 


2 




7 easy to follow 


did not tell 

Important points I 1 


2 


6 


6 highlighted pertinent points 


not a help v/i th 
notetaking 


I 


k 


10 helped with notetaking 


Were study questions: 








useless 


3 


6 


6 helpful 


adequate A k 


3 


3 


1 too difficult 


pointless 


1 


5 


9 helped bring course together 
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Instructor 

In general, was the Instructor's presentation: 

monotonous 2 1^8 Interesting 

mumbled 1 1 3 10 clear 

>Uoo fast 17 5 11 too slow 



difficult to follow 3 2 5 5 easy to follow 

Radio Transmission 

Was transmission: 

garbled 2 2 3 "^ 3_ clear 

full of static 2 5 2 understandable 

Eleven of the participants Indicated that the radio transmission 
failed in their area* The frequency of this occurrence varied: 

frequently 2 

several times 3 

twice 2 

once k 

none 3 

can*t remember 1 

Ten Indicated that the transmission was sporadic during lectures. 

Eight of the participants Indicated that they missed a complete lecture. 

The ability to hear the question periods varied. Students indicated 
they could hear the questions clearly: 

most of the time 6 
sometimes 3 
couldn't hear clearly 6 

Areas that they had consistent difficulty hearing were as follows: 

Barrow 2 
Juneau 5 
Nome I 
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H. Tests 

In general, were quizzes*. j g 3 5 

not helpful 1 ^"10* helpful 

too easy 19 3 2 too hard 

too many ♦ 13 2 too few 



Twelve Indicated that the area In which the satellite radio Is placed 
was adequate for this type of educational program. Two felt It was not. 

Advantages of this course were stated as follows: 

continuing education credits 5 

means of updating knowledge 2 

means of providing education to remote areas 2 

a better way to use teachers I 

a stimulus for learning 2 

long period of time to absorb material 1 

Disadvantages of this course were stated as follows: 

poor radio transmission 2 

no pertinent patients to apply knowledge 3 

no personal contact with Instructor 2 

lack of visual stimulation 2 

not enough EKG | 

not enough material 1 

poor ma 1 1 service 1 

Fourteen Indicated that they would definitely take another satellite 
radio course; one stated maybe. Most Indicated that they would take a satellite 
course with video transmission. The advantages of this were stated as follows: 

would be able to see the instructor 2 
more stimulating 2 
visual aids k 

Ways to improve this course were stated as follows: 

Increase number of visual aids 2 
have contact with a CCU 
more rhythm strips 
more reference materials 
more information on EKG S Ml 
shorter length 

more practical to patient population 
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Additional courses requested for satellite radio were as follows: 



death and dying 2 

pediatrics 6 

drug abuse 2 

Inhalation therapy 1 

refresher courses 1 

emergency care 2 

pharmacology 1 

pulmonary disease 1 

obstetrics 2 

surgery i 

anything 2 

trauma 2 

alcohol ism | 

stress 1 

communicable disease 1 
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A ttachments to Chapter XT 

XI •! Comparison of Anlk and Intelnat Satellltort 

XI. 2 The Satellite System Design Programs A Method of Satellite 
Communications System Optimisation 

XI. 3 Alaska Public Health Service Unitjj Community Profile 

XI. 4 Parameters and Costs of the Least-Cost Satellite System 
Configuration 

XI. 5 The Point Reyes Station Tests 

XT,6 Specifications for a Small Satellite Cotimunlcatlons Earth 
Station 

XI. 7 Central Manual Telephone Exchange 

XI.8 Alaskan Indian Health Service Satellite Communication Station 

XI. 9 Alaska's Communications Needs and Potential Solutions Utilizing 
Satellites 

XI, 10 Review of RCA Small Station Request for Proposal 
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ATTACHMENT XI ,1 

Comparison of Anik c^nd Intelsnt SnloUllos 
The Canc^dlnn satellite mid IntelsiU IV satdUK^s U^^i\^ fi:ivo :intiMui:i 
beams which can cover Alaska, Both are operntlonni snlcllilos in ovUM 
now and thus could serve as the basis for an Indian Health service commu- 
nications system. 

To compare the two systems, a link performance-cost analysis was 
made. While the link performance analysis was solid, it should be recog- 
nized that the cost comparisons are rudimentary. Both the commercial 
satellites are subject to the pressures of competition and charges for 
use of their transponders varies from time to time. The costs of the 
ground systems are also necessarily approximate. The intent is to give 
guidance on the total cost, but more importantly, to Identify major 
differences, if any, between the two satellites. 

The cost calculations have used the following assumptions: 

1) The capital cost of the ground systems includes the cost of 
power amplifier, cost of antenna, cost of pre-amplif ier and 
and a constant sum of ,^15,000 for each station to cover the 
cost of modulators, demodulators, down-converters, up-conver- 
ters, power supplies, cable, etc. 

2) The capital cost of the above items is based on purchase of 
20 to' 50 units. 

3) The ground station capital cost is converted to an equivalent 
analyzed cost by dividing by 6; i.e., annual cost = 0,17 x 
capital cost. This is equivalent to an 8^ maintenance cost 
and a 6^ cost of money with a 20 year lifetime. 

k) The satellite charge is assumed to be $3 million per transpon- 
der year for either satellite (this figure would be Subject to 
negotiation) , 

The power received for this price is assumed to be O.hO of tho 
satellite" s saturated transponder power. (The transponder must be backed 
off from its maximum output at least 1^ dB to avoid mutual interference 
between channels.) 
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The cost for each channel ts assumed to be proportional to it's uso 
of this total available power. 

u 1 4. > /N/NrN / power per chnnnel v 

channel cost/yr =r $3,000,000 x (r^ ■ — > r i~r-) 

' ' ^OtU X power saturated ' 



5) Ton stations share each channel on the average; annual cost 
per station is s 

channel cost per station a ~ x channel cost/yr 



6) Total annual cost per station is the sum of ground station 
and satellite cost. 



The link calculations made here are assuming worst case conditions. 
It is assumed that the satellite transponder beams are not pointed direct- 
ly at Alaska and the ground stations are located close to the beam edge. 
For Anik, which is pointed towards central Canada, the beam center 
Effective Isotropic Radiated Power (EIRP) is 33 dB which gets down 
7 to 3 dB before mainland Alaska is covered, even though the Aleutian 
Islands and the Alaskan peninsula are not covered by the satellite beam. 
Therefore, the satellite EIRP is down to 30-35 dB for the Alaskan region. 

The Intelsat IV spot beam is pointed towards the west coast area of 
the U.S.A. and the satellite EIRP is down by 5-6 dB in the direction of 
Alaska. If the spot beam was pointed at Alaska, the whole area would be 
covered by the beam. An advantage In using the Intelsat IV transponder 
is in being able to adjust the gain. Intelsat IV has 12 transponders 
with 8 gain steps; Therefore, if one of its transponders was available 
for use in Alaska, the gain could be adjusted to the highest gain step, 
thus making possible the use of a less powerful transmitter at the ground 
station. 
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The costs have been derived in terms of the parameter C/kT, the 
carrier-to-noise ratio thnt will result from the system being considered. 
For any given technique c/kT determines the quality of the resulting 
signals. Values of U5 to 55 dB are typical for voice services. Lower 
than 1^5 dB is usually good only for low rate data; higher than 55 dB is 
used for multiple channels of voice, high speed dota, facsimile and tele- 
vision. 

For each combination of equipment the performance, C/kT, and cost 
have been calculated for the two satellites. The results are presented 
in Table A. Two example link calculations are given in Tables B and C; 
these correspond to station combinations (Table A) "0" with Intelsat IV, 
and "Q" for Anik. 

The results of these tables are plotted in Figure 1 a and b. Solu- 
tions involving 10*, 15« , and 20* antenna diameters are shown with 
different symbols. As can be seen, in the C/kT range of around 50 dB, 
the two satellites both offer an annual cost of about $l+,500 to $6,000* 
Thus for the assumptions made, the two satellites are comparable. Either 
could be chosen for the Health Service needs with no major cost disadvan- 
tage. 
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Tnble A 

Station Cost oncl Porfoi'mance 
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Table B 



Intelsat IV-Llnk Calculations for Station "0" 



up-LiNK m:Q (on?.y c 

PATH LEIIGTH TO SAT (KM) ^^1173. 

PATH LENGTH TO RX (KM) 41173, 

DOWN-LI HK FPEO (GHZ) 4 

SAT G/T 0{!-AXIS (D3/DEG K) -H.6 

SAT IK REL TO SATUR EIRP -15 

SAT GAIN (DnW/DnW/SQ K) 116.5 

****LINK CALCULATIOMS**** 



TX PUR (D31.') 
TX ANT DIAK (FT) 
TX AfJT GAIN (DH) 
TX LINE LOSS (Dfi) 
TX POINT LOSS (D3) 
UP-LIK'K RAIN LOSS (DB) 
FLUX AT SAT (D3U/M SQ) 
SAT RX OFF-AXIS LOSS (DD) 
C/KT UP (OB) 

on-axis eirp (dbvj) 
off-axis sat tx loss (d3) 
i;ain/atkos loss, downlink (db) 
px point loss (db) 
rx line loss (d3) 

PRE-AMP NOISE TEMP (DEG K) 
SYST NOISE TEMP W/RAIH (DEG K) 
RX ANT DIAfI (FT) 
RX G/T (DB/DEO K) 
C/KT DOWN (DB /liZ) 



C/IM NOISE DENSITY (D3/H;!) 

C/KT TOTAL (DB/H2) 
RF BV/ (KHZ) 
CNR IN RF m) (DB) 
AUDIO BW (KHZ) 
WTD TTNR cm) 
ANNUAL COST (SK) 



13.ej{53 
15 

46.4843 
1 .5 
.5 
1 

-16^6.787 
2.5 

67.6899 

7.?. 1 29 4 

4 

1 .5 
.3 
.8 

234.188 
15 

19.2674 
51 .697 

59.7335 

50.9696 
15 

9.20865 
3.4 

21 .5418 
5.fJ6G29 
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Table C 

Anik-Link Calculations for Station "Q" 



UP-LINK FREO (CxHZ) C 

PATH LEfJGTH TO SAT (KM) 41173. 

PATH LKNGTH TO RX <KM) 41173. 

DOWM-LIN'K FRHO (GH'/J 4 

SAT G/T ON-AXIS (DO/DEG K) -7 

SAT IM Ri-L TO SATUR KIRP -15 

SAT GAIN (DBW/OBW/SQ M) 119 



****L1MK CALCULATION'S**** 



TX PWR (I)DW) 9.95)999 

TX AIJT DIAM (FT) 15 

TX ANT GAIfl (DR) 46.4848 

TX LHv'F LOSS OD) 1 ,5 

TX poitrr LOSS on) .5 

UP-LIMK RAin LOSS (DD) 1 

FLUX AT SAT (DBW/K SQ) -109.797 

SAT PX OFF-AXIS LOSS (DIO E.5 

C/KT UP (DB) 72.2796 

OH-AXIS Kl?.P (DDW) 6.7P!2G4 

OFF-AXIS SAT TX LOSS (DQ) 4 
RAIN/ATMOS LOSS, DOWNLINK (DB) J. 5 

RX POINT LOSS (DB) .3 

RX LINE LOSS (DB) .8 

pre-a{*:p fjoist: temp (deg k) 90 

SYST NOISE TEiVP W/RAIN (DEG K) 234,188 

RX ANT DIAM (FT) 15 

RX G/T (DB/DEG K) 19.2674 

C/KT DOWN (DB /HZ) 51 .1867 



C/IM NOISE DENSITY (DD/H7.) 61 .7232 

C/KT TOTAL (DB/HZ) 50.7879 

PF BW (KMZ) 15 

CHR IN RF Bi; (DD) 9.02699 

AUDIO BV; (XHZ) 3.4 

WTD TTNR (DB) 21 .3601 

ANNUAL COST ($K) 5.21923 
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Annual Cotft (^lOOO) 



8 - 



^ 20 ft. antenna 
0 15 ft, antenna 
^ 10 ft« antenna 




»*0 50 
(«) TTrtelsat IV Satellite 



ERIC 




C/CT (dB) 



(b) Anik Satellite 
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ATTACHMENT XI. 2 

The Satellite System Design Program t A Method of 
Satellite Communications System Optimization 

As part of NASA Grant O5-O2O-659, Stanford has developed q program 
to optimize satellite system designs* This program is described in 
Chapter 11 of a report entitled '^he Use of Satellites in Meeting the 
Telecommunications Needs of Developing Nations*' by William C. Mitchell, 
Research Assistant^ Stanford University. This attachment is Chapter II 
of the above report. All appendices and chapters referenced In this 
attachment apply to the report from which it was taken which is availablti 
upon request r 

This program was used In the assessment of alternative approacbriR 
to satisfy the communications needs of rural Alaska. 



\ 
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THE SATKLLITE SYSTEM DESIGN PnOGRAMt A MVrTUOl) OP 
SATKLLITE COMMUNICATIO>fS SYSTEM OPriMIZATION 

A. INFRODUCTION 

The first sections of this chapter contain n description of n compu- 
ter program that optimizes the system design of a satellite communications 
system for national network telephony ♦ Any communications situation for 
which the potential of satellite communications is to be assessed may bo 
described in terms of the input parameters of this program. When so 
described and submitted to the program, the minimum-cost system configu- 
ration that meets all of the indicated service requirements will be cal-* 
culated. 

In the next section, a typical design situation is simulated using 
estimates of the long-distance traffic requirements for Canadian domestic 
telephone service and the results are summarized. The last section of the 
chapter presents what shall be called the Satellite Facility Matrix, 
This matrix is obtained from a series of program runs that determine the 
sensitivity of the earth-station design parameters to the number of ea^'^th 
stations and to the average requirements, or demand, for telephone cir- 
cuits per station, A matrix of similar form showing the least-cost 
terrestrial facility as a function of facility length and circuit demand 
is given in Chapter III, Both matrices find application in the method of 
overall national telecommunications system planning that is described in 
Chapter IV, 

B, DESIGN APPROACH 

1 . Nece ssl ty for Computer Design Program 

It was determined at the outset that the design method to be 
devised must take into account the effect of all of the major equipment 
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design pnrnmotors, ns well n« the time vnlue of money ond imy incr<n)S0K 
in both the niunbor of ciU^th stntions and the dennnd Tor circuits nt vtyrU 
earth station during the study period, The method should not^ n priori, 
ossumo any one parameter to be Insignificant or arbitri\rily assign to any 
an "optimum" value. In view of the fairly large number of interdcpencioni 
variables associated with the systems design of a sntellite communications 
system, it became on obvious necessity to take advantage of the culpability 
of a large digital computer* 

2. Minimum Cost Index 

Inasmuch as the major concern of most planners is thE<t, for 
required level of service, the system they implement maintain a low 
budget profile, system optimization is with respect to total system 
cost, as given by the present worth of annual costs. Total system cost 
is obtained as the sum of the present worth costs of: l) installed 
capital equipment, 2) operations and maintenance of the equipment for 
the duration of the study, and 3) Innd and building: for eai^th stations. 

The present worth of annual costs was chosen as the index of compari- 
son for three reasons. First, it takes into account the time value of 
money which if neglected would imply that borrowed capital, either equity 
or debt, may be repayed with no interest charges* Obviously, free money 
is not a characteristic of the real world and decisions based on such a 
concept would introduce serious error. Second, the present worth of 
annual costs include all the costs incident to the sntellite facility 
diiring the period of study — not Just the initial cost of equipment, 
Third, much of the literature dealing with engineering economy in 
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tolcconimuiiicotions innl almost nil of i\w |)r(^soiii l<)nK-r;ui|;(^ plniiiiinp. ol 
mnny Inrgo tcloplioiio opernl.inK compMUlorf is in Ivvim nl ihv prosonl worlh 
of nnnunl costs» It is oxpoctod, thcreror<>, tluit tlu> plnnniii^: i^ti^tu-ios 
of dovoloptng nations will bo fomilinr with oncl hnvc cotifidcnco In tho 
use of this cost index. 

3. Channelization . nd Signaling Equipment 

Since the cost of satellite system teminal equipment (chaniioli-- 
zing and signaling equipment at the ear stations) is not affected by 
the values of the earth-station parameters that are subject to optimiza- 
tion (viz., the antenna diameter, the station noise temperature, and the 
power rating and output back-off of the power amplifier), no particular 
benefit would be derived from including this cost — a constant — in the 
optimization program. Therefore, total system cost, as just described, 
does not include the cost of terminal equipment. As will be seen in 
Chapter III, the costs of the terrestrial facility alternatives to 
satellite transmission are also given without including the cost of thv 
terminal equipment. 

^ ' Volun^e Purchase Discount 

All cost calculations for the ground segment include the standard 
learning curve to account for economies of scale on equipment purchased 
during tho same calendar year. That is, for N units in any given year, 
the per-unit cost, as a fraction of the single item cost, is: 



CPU/SIC 0.92*Klog(N)/log(2)) 
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whore CPU Is the cost per unit, SIC is the single item cost, nnd 
denotes exponentiation, 

C, MODEL DEFINITION 

The major questions concerning model definition are: 

a) What type of multiple-access scheme is most appropriate? 

b) What type of rf modulation should be used? 

c) If FDMA is chosen, whcit must be said about the frequency 
assignment plan? 

d) How many distinct "sizes ^» of earth station (in terms of 
the earth-station figure of merit, GA) should bo con- 
sidered? 

e) In what form should the demand for circuits bo given 
and how should an increase in demand over time be 
represented? 

They shall be considered in order, 

1 * Multiple Access 

Several authors have investigated the merits, insofar as possible, 
of various multiple-access schemes. (2,6) The concensus, at the present 
time, is largely in favor of Frequency Division Multiple Access (FDMA) 
for operation with low cost earth stations for three main reasons. First, 
the peak power of the earth-s cation power amplifier for FDMA is less than 
that for Time Division Multiple Access (tDMA) by a significant margin in 
terms of cost. Second, the system synchronization necessary with TDMA is 
a major cost item and not presently compatible with low-cost stations* 
And, third, the guard time between users for systems with more than 
about 25 earth stations reduces the efficiency of satellite utilization 
below the levels that may be obtained using FDMA, 
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2. RF Modulation 

The typo of rf modulation was of socondnry concern as for ns 
program development was concerned, since progi m trade-offs would be 
based on link calculations and these are essentially independent of the 
type of modulation once, of course, the transmission characteristics 
for the particular type are specified, (For much the same reason, it is 
possible to use the program in the design of TDMA systems even though 
the primary development effort was accorrplished with FDMA systems in 
mind.) Nevertheless, it is important from the total system point of 
view where satellite and terrestrial facilities are being compared on a 
cost basis « 

The literature and extensive calculations done hero at Stanford 
indicate that frequency modulation is at least as sparing oi power and 
occupied bandwidth as other types of modulation, (7^3,9,10). In addition, 
where comparison was possible using commercially available equipment, the 
cost differences favored FM, It is felt, however, that the cost differ- 
ences may narrov/ as the demand for and the production cf digital equip- 
ment increases, 

3» Frequency Assignment Plan 

A frequency assignment plan is, essentially, the manner in <\ich 
any station obtains access to the system. For the purpose of this study, 
it is of concern mainly where the satellite is bandwidth limited. In 
such n case, a trade-off would be made between the simpler, less costly 
(in terms of earth-station equipment), relatively inefficient (in the 
use of satellite bandwidth) plans and the increasingly complex plans that, 
correspondingly, are increasingly costly and more efficient in their use 
Q of bandwidth. 

ERIC 
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As is appropriate for operation into low-G/T earth stations, the 
satellite Is treated herein as a power limited amplifier, When it is 
the satellite power that is limited, the frequency plan is of secondary 
importance since it may bo assumed that sufficient bandwidth is avail ablo 
for whatever plan is adopted and, in contrast to the required number o( 
assignable satellite frequency slots, the total satellite power require- 
ment is only weakly sensitive to the frequency assignment plan. 

The assignment plan is (or should be) transparent to the users* 
(i.e., they cannot distinguish among plans from any effect on service 
quality) and would not influence the calling rate. or traffic pattern. 
At any moment, therefore, the number of calls in progress, and con&equencxy 
the required satellite power, would be independent of the plan* 

This statement may need to be modified when, as is usual, the 
required satellite power is divided among several transponders. If it 
happens that particular traffic groups are wholly constrained to single 
transponders the total required power of the satellite could no longer 
be shared, as needed, among groupr; . where there is only one large 
transponder, a very active traffic group could draw on power normally 
used by other groups (it is improbable that all groups would be very 
active simultaneously). With groups constrained to single trartsponders , 
each transponder must be capable of the maximum power for its group. 

For a fully variable plan (each station may transmit and receive 
in any of the assignable frequency slots) this effect can be made no-M- 
gible. Accordingly, total required satellite power calculations are 
based on the use of a fully variable frequency assignment plan. If 
other than a fully variable plan is used, the required increase in 
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sotolllto power may bo ncconimoilnted with n nmltipUor, llio vjihic n\ 
which must bo dotormJ ncc) from nvailnblo tramc nml frcqunicy plan in(<M- 
mntion niid set ns port of the input to the program,* TIu> multipJic»r 
should be set equal to one for a fully variable plan. In the program 
runs reported on in this paper, it is given the value of I.I5. (it is 
judged extremely unlikely that a value larger than 1,15 would occur.) 

Having accounted for the effects of the frequency plan on total 
required satellite power, it is assumed that the particular manner of 
power division among transponders does not further influence the 
efficiency with which the power is used. Therefore, no specification of 
transponder power is necessary ♦ 

In connection with the frequency assignment plan, the question 
arises as to whether multi-channel-per-carrier operation (mc/co) should 
be used among stations with comparatively large traffic requirements. 
An investigation showed that single*-channel-per-carrier operation (sc/co) 
is more efficient with respect to bandwidth when the traffic volume between 
any two earth stations requires fewer than 300 circuits and that sc/co is 
also more efficient with respect to power, when voice activation of the 
single-channel carriers is used, for all traffic volumes that were investi- 
gated (up to 960 circuits). (See Appendix A.) For example, in providing 
60 circuits between earth stations, sc/co achieves a 30^ savings In 

The power penalty for transponderization may be approximated as the- por- 
cent increase in active channels. (An active channel is one over which 
a voice signal is actually being transmitted.) For example, a single 
transponder with 1000 assignable frequency channels would, for a 
probability of O.Ol that the number of active channels is not exceeded 
and a probability of O.i+O that a busy channel is active, require enough 
power for U36 simultaneously active channels. By contrast, under the 
same conditions, a transponder with only 25O assignable frequency channels 
would need II8 active channels. The percent increase in active channels 
would, in this case, be ((H*ll3 - il36) A36)^lOO^ or 3,2^. 



bandwidth niul much os n 6^^'/v savings in power rolntlvc to tnc/co, TIuti^- 
foro, sc/co is usnd nt all stations. 
h I Number of Stn t ion Sizes 

Originally^ there were to be three possible station sizes 
(station size is synonymous with station G/f) , corresponding to low-, 
medium-, or high-density traffic requirements at any given location. 
Prom a preliminary version of the program, it was noticed that a single 
size of station was serving for both low and medium densities » A 10 to 
15 ft» antenna was the optimum even for stations whose circuit require- 
ment grew to be as high as 30 to kO circuits over a I5 year study perlou. 
This fact is also indicated by a table (Table 2-6) which is shown in the 
last part of this chapter. Accordingly, in the final version of the 
Satellite System Design Program, this finding is incorporated as an 
apriori conclusion that two distinct sizes of earth station is the 
optimum, or least-cost number of sizes for most national telephony 
satellite systems. Unusual demand situations are easily rf'cognized. 
In such a case, a specific investigation of the suitability of more than 
two sizes of earth station could be made^ 

5# Demand Characterization 

The international unit of demand for telephone circuits is the 
erlang. The demand in erlangs is equal to and synonymous with ^'the 
average number of calls in existence during the busy hour/* During the 
busy hour, the average ratio of lost calls to total calls offered is 
known as the "grade of service.*' Usually given as a probability, it may 
be written as P. 01, P. 03, or P. 001. A P. 01 grade of service, for instance, 
means that one call out of every 100 offered during the busy hour is lost. 

The erlang may be used in referring to the traffic offered by indi- 
vidual subscribers as well as, that offered by groups. Indeed, the 
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number of orljings of trnl flc offorod by ;i \xvou\) ol" suhser IbtM's Is (lio 
Sinn of the erlongs offered by coch individual of Iho «roup. Or, the 
number of erlnngs offered to n satellite by severii] onrtli stntloDS Is tlio 
sum of the orlnngs offered by the individunl stations, after eliminntion 
of duplicate counting, (The erlnng is a mensuro of circuit two-way 
conversation — requirements. Therefore, when two earth stations each 
experience a demand of say E erlangs for circuits for traffic between 
them, the satellite will be offered E erlangsi of trafPlc, not 2 times 
E erlangs , ) 

The number of circuits required to satisfy a given demand in erlangs 
at a given grade of service is not proportional to the demand but is 
given by what is known as the Erlang B formula, as follows; 



B » 



1 + E + ~ + 
21 



nJ 



where B is the loss probability, n is the number of circuits requii^ed, 
and E is the traffic demand in erlangs. 

The total nunber of circuits required at the satellite is not, then, 
the sum of the number of circuits required at each earth station. For 
this reason, it was decided to describe the demand at each station in 
terms of erlangs and then convert to the required number of channels. 
It is apparent that converting erlangs to circuits would be an iterative 
process involving the repeated calculation of factorials if the Erlang B 
formula were used. To avoid this time-consuming process, a simplified 
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formula has been dovlscd that gives the conversion directly, (Seo Appen- 
dix B.) 

D, PROGRAM DESCRIPTION 
1 » Overview 

As stated earlier, this program vvas developed to determine the 
minimum-cost satellite communications system for telephony using two 
types or sizes of earth station under a variety of service requirements. 
The nature of the problem is that of constrained minimization. The con- 
straints are those of circuit quality, circuit demand, length of study 
period, satellite coverage area, whether and to what extent satellite 
power is shared with other users, and so forth. The method of optimiza- 
tion may be described as a branch and bound technique or could be termed 
"educated enumeration,*' Both descriptions reveal that enumeration of 
every allowed configuration does not occur, (A configuration is any 
consistent set of valued of the system design parameters,) In most 
cases, less than one-tenth of all configurations need be considered. 

In a network with two sizes of earth station, there are four ways 
in which they may be combined to form a one-way communications path or 
connection. With L representing the large station and S the small 
station, these connections are, L to L, L to S, S to L, and S to S. It 
was found expedient to design the program to consider two such connections 
on any single run — either L-L and L-S or S-S and S-L, Total optimiza- 
tion is achieved in three or four successive runs. This program is 
known as the dual-station program (DSP), 

In a run that considers L-L and L-S (S-S and S^L) connections, the 
large (small) station is said to be the host station and the small (large) 



A-77 



stotlon is said to be the auxilinry stotton. Onv of tlu« in\mi pnvimvlc 
to the DSP is the vnlue of the rocoivo G/r ol thr auxilinry s(;i1intis. 
An nccurnte npproximntion ot this value, for Ihr fii'Sl 1XS1> run is 
obtained from a second program. It is known as the singlc-stotion pro- 
grum (SSP) and is identical to the DSP in all respects except tnat it 
optimizes a satellite communications system that permits only one size 
of earth station. The Satellite System Design Program is, therefore, 
a set of two programs that are used in tandem to calculate the optimum 
systeir design. 

The following three subsections are intended to <:onvey a basic 
understanding of program scope and structure. The first two indicate 
some of the major input and output parameters. The third gives a short 
explanation of program logic, 

8» Input Parameters 

Input parameters are variable constants, the value or values o 
which, for any particular program run, are determine;! externally and 
read in at the beginning of the run. Those of present interest fall 
into three groups; capacity, cost and cost-related parameters; demand 
parameters; and transmission parameters. They are described in the 
following section and listed together at its end in Table 2-1 • 

q) Cnpacityj cost and cost-related paramet ers 

Each station is characterized by the three parameters that 
are subject to variation as the system is optimized. Tliese arc the; 
antenna diameter, the equivalent input noise tempernturo of the nntoun.i 
receiver combination, and the saturated power rating of the power 
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Table 3-1 



A Listing of Input Parnmotcrs for ihv 
Sntellito System Design Program 



( Earth Station Equipment Parameters and Costs ) 
1, 11 choices of antenna diameter 

2# 9 choices of equivalent Input noise temperature and 
corresponding pre-amplif ier 

3« 11 choices of saturated output power rating for the 
power amplifiers 

cost figures for each of the above items include? 

initial capital cost 

b) assembly, integration, testing, management, all am 

handling, packaging, warranty and profit given as a 

installation percentnpn 

d) annual operations and maintenance of initial 

I capital co<;t 

< Satellite Equipment Parameters and Costs ) 

1. 3 choices of satellite, that is of end-of-life rf power 
(saturated) 

2# 1 choice of equivalent input noise temperature 
3i 1 choice of antenna beamwidth 

1 choice of satellite lifetime 
5, cost figures for each satellite are: 

b) in-orbit cost of Initial satellite (including development) 
b^ in-orbit cost of each additional satellite 

c) annual tracking, telemetry, and control cost 

( Demand Parameters ) 

1. the length of the study period 

2. the numbers of newly constructed earth stations that begin 
operation each year of the study period (large and small 
stations) 

3. the four series of annual growth rates 

h. the initial offered load, in erlangs, for each type of 
station in its first year of operation 

5. thfi required satellite power, in watts, year by year for 
TV or other services sharing the satellite segment 



(cent • ) 
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Toblo Prl (cont.) 



( Trniisinission Parameters 



1. the quality, in pWpO, of the four types of conttection 

2* the noise, in pWpO> contributed by sources other than 
up-link thermal, down-link thermal, and satellite 
intermodulatipn 

3, the slant range from the satellite to the farthest 
earth station 

k» the up-link and down-link frequencies 

5, the up-link and down-link rain margins 

6. the off-axis pointing angle from the satellite to the 
farthest earth station (including allowance for 
satellite station keeping and pointing nccurncios) 

7* the flux density limit (if any) for down-link trnnsmissions 

8, the threshold carrier-to-nolse ratio on each of the four 
types of connection 

9« the baseband processing improvement factor on each 
connection 

10, the psophometric improvement factor on each connection 



these parameters select the various program options, 
lnitiall2e the search variables, and specify which, if any, 
earth-station or satellite equipment values are to be con- 
sidered as fixed 



these parameters include the required annual rate of return, 
the satellite launch failure rate, tho values of the 
coefficients that are used in the approximation to the 
Erlang B formula, etc. 



( Control Parameters 



) 



( Miscellaneous Parameters 



> 
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amplitior. The single Item costs of avnilablo equipment for reprosento- 
tive values of these ^'capacity" parameters wore obtained froin monuf acturers . 
Together with their corresponding capacity parameters they are supplied 
at the beginning of each run. Thus, cost and capacity figures may be 
changed at any time to reflect more recent information, Since ch.?nnoli- 
zing and terrestrial interface equipment are required for any system 
configuration, their cost is not included in the optimization. Land 
and building costs are estimated as a function of the square of the 
diameter of the earth-station antenna. The usual convention is followed 
of obtaining installation and operation and maintenance costs as n per- 
centage of single item capital cost, The various percentages may be 
specified separately for each type of equipment and for each "capacity^^ 
within a given type. 

The cost of the satellite segment, including development and launch, 
is based on the published figures in the domestic satellite filings before 
the FCC, However, as in all input data, these may be set at will as new 
cost information becomes available. Three satellites, representing the 
range of available rf power, are considered. Each is described to the 
program with five parameters: l) total end-of-life rf power, 2) pur- 
chase and launch cost of the first satellite, including development, 
3) purchase and launch cost of each additional satellite, h) annual cost 
for station keeping and telemetry, command, and control, and 5) expected 
satellite lifetime. 

It is assumed that any single satellite communications system will 
use a single type of satellite in order to avoid repeated payment of 
development costs. This assumption could be altered if satellites ever 
become a quasi "off-the-shelf" item. 
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b) DomoDd pnrnmctors 

Yearly changes in total demand for satellite circuits 
will, In general, be due both to System expansion from newly constructed 
earth stations and to natural demand growth at previously operating sta- 
tions. These changes could be modeled in a variety of ways. The model 
in use c^t the present time is one that lends itself to rapid calculation 
yet is not too far removed from reality. The following is a sketch of 
the manner in which demand Is presently handled* For a detailed explana- 
tion of demand generation see Appendix C« 

The numbers of newly constructed large stations and of newly 
constructed small stations that begin service each year of the study are 
given as input parameters in separate input arrays. During its initial 
year of service, each newly constructed ss^iall earth station is offered 
a fixed traffic load for each of the two possible types of traffic con- 
nection a connection between itself and another small station or 
between itself and a large station. These initial loads are given as 
input parameters, since to a first approximation, they are not a fiuiction 
of the number of stations in operation. For newly constructed large 
stations only the initial load offered for connections with other large 
stations need be specified by the input» 

Traffic increase from natural growth in demand at previously opera- 
ting stations is determined using an annual percentage growth rate. 
However, instead of a constant rate being used during the entire study 
period, a different rate may be specified fcr each year. This allows 
the program to handle demand functions of virtually any form. In addition 
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it is recognized that the rntcs of growth on connoctious botwoou lar^c 
stations moy diifor oitogether from those that pcrtnin to connections 
between small stations, which, in turn, may differ froin tliosc thai per- 
tain to connections from small stations to large stations. Therefore, 
two separate input arrays specify the two series of annual growth rates 
that will be used during any single run of the DSP. 

2. Overflow option 

A second option exists for computing the natural growth 
component for large station-to-'large station traffic. It is called the 
overflow option and is intended for use in situations where all future 
long-distance traffic among cities served by the large earth stations Is 
to be carried by satellite. In any given program application the number 
of large stations, their location, and scheduled completion dates are 
assumed known. Each large station handles long-distance traffic for 
nearby communities, which, collectively, comprise the service area of 
the station. Before a station begins operation the traffic generated 
In Its (future) service area will be handled by terrestrial circuits. 
Any traffic that is once handled by terrestrial circuits will remain on 
terrestrial circuits. After the station begins operation, all increases 
in the traffic with other large-station service areas will be handled by 
satellite circuits. 

Input parameters for the overflow option have the same meaning as 
for the regular option with two exceptions. Before stating those excep- 
tions, it is convenient to defina the total demand for long-distance 
circuits that is generated in a large-station's service area, at the time 
the station begins operation as that station's or that area's base-line 
demand. To tie this definition to the explanation of the previous 
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porngrnph, du arop^s bnsc-lino dombiu! is the domiincl i\\[\t will rciiK^n on 
terrestrial circuits oftcr the stntion serving thnt ;irc»o bct^lns Ojitnatiou. 
Increases in demand will be determined in reference to this bnso-lino 
demand and it is these increases that will be offered to the large stn* 
tion for service on satellite circuits. 

Individual station base-line demands are, however, ficticious 
entities with regards to program implementation since the program treats 
all large stations as though their offered loads were identical. A 
Second definition will help in explaining how a station's base-line 
demand is actually determined. Let the average of all the largo-station 
base-line demands (as given in the first definition), in the special 
case where all large stations begin operation in the first year of the 
study period, be defined as the initial average base-line demand. Now 
in the program the station base-line demand for all stotions that begin 
service in the first yea^^ of the study period is taken to be the same as 
the initial average base-line demand* The station base-line demand for 
stations that begin service in any other year is obtained by adding 
specified year-to-year increases to the initial average base-line demand. 

The first exception, then, is the parameter that in the regular 
option indici:.tes the initial load, in erlangs, offered to newly construc- 
ted large stations for connections with other large stations. It is re- 
defined as the initial average base-line demand. The second exception is 
the input array that in the regular option contains the year-to-yenr 
growth rates of the derand offered to a large station for circuits to 
other large stations. It is redefined to contain the year-to-year 
growth rates with which the average base-line demand (as a function of 
time) is obtained from the initial average base-line demand. 



c) Transmission Paramo tors 

The transmission pnrnmotors specify (for each of tho (our 
types of connection) the total allowed baseband noise, In plcowatts of 
psophometrlcally weighted noise power at a point of zero transmlsision 
level (pWpO) j the threshold value of carrler-to-nolse ratio. In dB; tho 
baseband signal processing Improvement factor (e.g«, pre-emphasl8 , com- 
panderlng, speech clipping, etc.), In dB; the psophometrlc weighting 
Improvement factor, In dB; and, <-he baseband noise contributed from all 
sources other than thermal and satellite Intermodulatlon noise, in pWpO« 

The satellite receiver noise temperature and the beamwldth of the 
satellite antennae; are assumed known, and are also read in as input 
data* 

3* Output Parameters 

Of primary Interest, of course, is the minimum-cost configura- 
tion, This is given in terms of the antenna diameters, the pre-amplif ier 
noise temperatures, and the saturated power ratings of the sequences of 
power amplifiers at each station; the minimum-cost satellite; and, the 
required satellite launch stream^ Of equal importance is the total cost 
of the systen* and various cost breakdowns such as the annual cost of an 
;;ar^,h station and the annual cost of a satellite circuit. The output also 
contains the design values of baseband noise (prior to any up- or down- 
link attenuation) contributed by the up- and down-links and by transpon- 
der Intermodulatlon distortion, the pcr-channel output power at the 
earth station and at the satellite, the year-by-year total satellite 
power requirement, the values of transponder back-off and the values of 
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trnnsponder gain,^ A reproduction of the full formal output of the 
DSP Is given in Appendix E,. 

Basic Progrnm Logic and Block Diagrams 

The program consists of two largo segments of coding. The 
first^ and smaller, segment accomplishes what shall be called preliminary 
calculations. Block diagrams of segment one are given in Figs, 2-1 and 
2-2t The second segment is the main iterative routine \rt\ere all feasible 
system configurations are evaluated in terms of overall cost. Figures 
2-"3 ^nd 2-U show block diagrams of segment two, 

a) Preliminary calculations 

One of the major requirements in terms of program complexity 
is that the minimum-cost system be calculated taking account of demand 
growth and system expansion over time. There are many ways to model 
growth and expansion. However, each is used solely to determine the 
number of earth stations, the number of channels per earth station, and 
the number of satellite channels required from year-to-year throughout 
the study period. These numbers must be known before total system cost 
may be calculated. Also, they need be calculated only once for each 
program run. For those reasons, maximum speed and flexibility Is afford- 
ed by placing them in a subroutine as part of the preliminary calcula- 
tions — independent of the main iterative routine. 

An Important assumption affecting coding throughout the program is 
thnt all earth stations (in either one of the two size categories) will 

For a discussion of one effect of transponder gain on system optimiza- 
tion, see Appendix 
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Miscellaneous Calculations 




Calculate the rf bandwidth of the FM 
transmissions that is required to 
obtain the desired signal quality 
based on the available baseband 
signal processing improvement and the 
threshold value of carrier-to-noise 
ratio. 



Calculate the year-by-year channel 
requirements for each set of earth 
stations and the year-by-year active 
channel requirements for the satellite, 
(A set of stations consists of all 
stations that begin service in the 
same year of the study period.) 



For each antenna/system-nolse-temperature 
pair (the components of which are given in 
the input), calculate the cost to the 
system of using this pair In all stations 
throughout the entire system. For the 
DSP, this cost is based on the number of 
and construction schedule for host 
stations only, 



Select the feasible pairs of antenna/ 
system-noise-temperature and arrange 
them for evaluation by the main 
iterative routine. 



Fig. 2-1. A Functional Block Diagram of Segment One Coding 
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Arr.mgc in order nil pormisslblo 
Qntennn/systcm-noiso-tenipornturo 
pairings r^ccordiiig to thoir G/T 
vnlUG, , > 



Select the feasible 
pairs of antenna/ 
system-noise- 
temperature and 
arrange them for 
evaluation by the 
main iterative 
routine. 



Place each pair into a, single group, 
A group consists of all pairs whose 
0/T value is between certain 
boundaries that are sot by en input 
parameter. 



Make the assumption that all pairs 
in any one group have, in fact, 
identical values of GA. 



Arrange the pairs within each group 
in ascending order according to the 
diameter of the antenna. 



Eliminate from consideration any 
pair in a given group whose antenna 
diameter is smaller than that of the 
group^s minimum-cost pair. 



The initial pair in any given group 
now has both the lowest cost and the 
smallest antenna of any pair In the 
group. Therefore, eliminate from 
consideration any group whose initial 
pair costs more and has a smaller 
antenna diameter than does the 
initial pair of the next higher 
G/T group. 



Fig. 2-2. A Block Diagram of Feasible-Pair 
Selection in Segment One Coding 
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Loop 1 

Select 0 trial value of (O/T) 



Loop 2 

Select a particular realization 
of the trial value of (G/T)^ 
from the feasible pairs of 
antenna diameter/system noise 
temperature as determined in 
the Preliminary Calculations 
coding segment. 



Loop 3 

Select a trial value of satellite 
transponder output backoff, BO* 
(in the DSP this transponder type 
will handle circuits on host 
station-to-host station connec- 
tions.) 



Loop 

Select a trial value of X, the 
ratio of the thermal noise con- 
tributed on the down-link to that 
contributed on the up-link, (in 
the DSP this value of X applies 
to circuits on host station-to- 
host station connections,) 



Loops 5 and 6 occur only in the DSP 



Loop 5 

Select a trial value of 
satellite transponder output 
backoff, BOA, for transponders 
that handle half-circuits on 
host station-to-auxiliary 
station connections. 



Loop 6 

Select a trial value of XA, the 
ratio of the thermal noise contri- 
buted on the down-link to that 
contributed on the up-link on 
half-circuits on host station- 
to-auxiliary station connections. 



Flg» 2-3« A Functional Block Diagram of the Loop Structure 
within the Main Iterative Routine 
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Calculate the trial noise buclgot(s) corrosponcU to the values of Uu» 
four (six) loop vnrinbles. 



CiUculnto-thc up-liiik cnrrior-to-noiso rfilio(s) and tlie* down-llnU 
cai*rlor-to-noise rotio(s) that ore required to meet lUe trial m>i«o 
budget(s). With these, calculate the up-link output power(s) and 
the down-link output power(s) per channel (not the oirp»s)* 



Calculate the output backoff of the earth-station power amplifiers 
according to the allowed noise contribution from earth-Station inter- 
modulation distortion as specified in the input data and according 
to the number of carriers to be handled by the amplifier. 



With the circuit demands as a function of time at each set of earth 
stations and at the satellite (from Preliminary Calculations) and 
using the results of steps b and c, calculate the required year-by- 
year power ratings of the earth-s'tation power amplifiers for each 
set of earth stations — that is, separate sequences of amplifier 
ratings must be calculated for stations that begin service in 
different years of the study period — and the required year-by-year 
total rf power of the satellite. 



Determine the least-cost type of satellite (from among the choices 
described by the input parameters) and the concomitant launch schedule 
to meet the year-by-year requirement on total rf power in the satel- 
lite. 



Determine, for each set of earth stations, the cost (including repairs 
and partial replacements) of the sequence of power amplifiers required 
to meet the year-by-year requirement on total rf power in the satel- 
lite. 



Add the cost of the satellite segment and the costs of the earth- 
station power amplifier sequences and the antenna/pre-amplif ier pair 
(including land and building costs) to obtain total system cost. 



Compare the total cost just obtained with that obtained during the 
preceding iteration to determine whether a bound has been reached 
and, if so, to which loop program control should it be transferred. 



Fig, A Sequence Listing of the Major Calculations 

Performed within Loop h (loop 6 of the DSP) 
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use identical antennos and pro-omplif iers , To accommodoto more chnnnuls 
than its neighbor, an earth- station v/ill morcly increase the power ratiiiB 
of its power amplifier. One consequence of this assumption is that iho 
cost\o the system of earth-station antennas and pre-amplif iers, given 
particular earth-station construction schedule (specified in the input) 
may be calculated once, for each feasible combination of antenna and 
pre-amplifier, qs part of the preliminary calculations and recalled from 
memory later on as needed. 

The remaining significant block of coding in segment one selects 
from all possible combinations of earth-station antenna size and system 
noise temperature (as given by the input), those combinations that are 
feasible. Each feasible combination is placed into one of several groups, 
according to the value of the ratio of Q/T , Within each group the 
feasible combinations are arranged in order oi increasing antenna diameter, 
which is equivalent to an ordering by increasing cost. This ordering 
considerably reduces the time spent in the main routine, and may, there- 
fore, be considered a permanent feature of the program. 

In addition to the functions mentioned above, the Preliminary Calcu- 
lations Segment also contains coding for miscellaneous items such as 
variable initiation, and for determining the required rf bandwidth of the 
PM transmissions. This is all indicated in Fig. 2-1. 

The process of feasible pair selection, the last block in Fig. 2-1, 
is shown in more detail in Fig. 2-2. It can be explained as follows. 
To facilitate discussion, let the pair groups (where a pair group con- 
sists of all pairs whose G/T value is within a certain range, the 
boundaries of which are set by an input parameter) be indexed by IRC 
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(which stands for i^ndox of the range center) and let the nntennn diame- 
ter and system noise tompornlure of tlie minimum-cost pnir of ench pnir 

group be designated as (AD* o^'^^^td^)* 

IRC IRC 

A non-feasible pair is any pair in a given pair group whose nntennn 

diameter is smaller than AD . That such a pair would not be used in 

a minimum-cost system may be shown in three steps. First, by definition, 

the non-feasible pair would cost more, in and of itself, than 

(AD j|^q;TE Second, to obtain the same value of G/T with an 

antenna that is smaller than AD j^^, a non-feasible pair would have to 

have a receiver whose noise temperature is lower than TE , This trans- 

IRC 

lates into more required power per channel from the satellite than for 
(AD jj^Q^TE 2hq)' '^^^^ fixed value of attenuation on the 

down-link a greater percentage degradation in effective receiver noise 
temperature will occur for the non-feasible pair as compared to the 
minimum-cost pair. This difference in potential link degradntion will 
have to be offset by more power from the satellite to maintain the same 
margin requirement. And, third, with a smaller antenna, the power rating 
of the power amplifier associated with a non-feasible pair might have 
to be increased to preserve the same up-link eirp. 

All three steps contain actual and potential cost differences that 
put the non-feasible pair at a disadvantage, which establishes the point, 

b) Main iterative routine 
l) Overall structure 

The main iterative routine of the DSP is a nested loop 
structure with six levels, or loops (the SSP has four loops) ♦ The loop 
variables were chosen such that they, by themselves, are sufficient to 
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uniquely specify a coitiploto system configuration, The design parameters 
that comprise a system configuration are: the earth-station antenna 
diameters, receiver noise temperatures, and up-link eirp«s per channel 
one eirp for each of the four types of connection (and from those the 
sequences of power amplifier ratings during the study period); the satel- 
lite receive G/T (given in the input), down-link eirp»s, transponder out- 
put backoff's, and transponder gains (and from these the total satellite 
rf power requirement year-by-year ^ during the study period); and, the 
noise allocation among up-link, down-link, and satellite intermodulation 
noise on each of the four types of connection. Cost evaluation and com- 
parison of feasible configurations is accomplished in a straight-forward 
manner through the natural action of the loop structure itself. 
2) Design objective 

Every system configuration that is evaluated meets all 
specifications given by the input parameters, (it makes no sense to 
evaluate systems that do not meet these specifications.) The quality 
of the telephone channels is specified with the input parameter QVAL» 
QUAL is the maximum, or worst-case, total baseband noise allowed per 
channel, in picowatts of psophometrically weighted noise power at a 
point of zero transmission level (pWpO) , For the purpose of the 
Satellite System Design Program, the actual worst-case value of total 
baseband noise is expressed as the sum of the worst-case noise contri-- 
butions from four sources, all given in pWpO: l) NU", up-link therniul 
noise^ 2) Nl^^^oise due to intermodulation distortion in the satellite 
transponder^ 3) hfD^«, down-link thermal noise, and k) NAO, noise from 
all sources other than the first three (nAO is given as an input parameter). 
Or, 

^ QUAL^ NU^' + NX" + ND'' + NAO. 

ERIC 
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It is convenient to define NTH, the ollowed woi\st-cnso thorniiil iioist ^ 
es 

OTH « QUAL - NAO 

« NU*' + NI*' + ND'» (2.1) 

Although NI" is not thermal noise, it is so considered here because it 
has approximately the same effect on circuit quality, (ll) 

The design objective of the Satellite System Design Program, for 
which the major calculations are carried out in the main iterative 
routine, may be stated in reference to Eq, 2.1. The total cost of the 
system depends on the manner in which the total allowed baseband noise 
is allocated among the four noise sources in this equation. Therefore, 
the cost minimization problem is actually a noise allocation problem. 
The design objective is, then, to allocate the noise (or to determine 
the noise budget) such that the total cost of the necessary equipment 
and of its installation, operation and maintenance is a minimum. 

3) Functional description 

The following description is given in terms of the 
single station program (SSP), As stated earlier, the dual station 
program (DSP) is identical in most respects to the SSP except, of course, 
that it considers the use of two sizes of station instead of one. Dif- 
ferences in the programs will be indicated as appropriate. 

Evaluation of feasible system conf igruations is accomplished in 
four steps (six in the DSP) . Each step is contained in the correspond- 
ingly numbered loop of the nested loop structure, as shown in Fig. 2*3« 



Thoy ore? l) Select a trial value of the ratio of enrth station anten- 
na gain to equivalent system ijiput noise temperature^ The 
initial value should be smaller than the value that will bo shown to bo 
optimum since each now trial value on successive iterations is larger 

than its predecessor. 2) As each value of (o/T) may bo realized by 

e 

one or more pairs of antenna diameter and equivalent system input noise 
temperature, the second step is to select one of the feasible pairs 
the least-cost combination being first — for the particular value of 
(G/T)^, 3) Select a trial value of satellite transponder output backoff 
Again^ and for the same reason given in conjunction with the choosing of 
an initial value of (G/T)^, the initial value of backoff should be 
smaller than the optimum value, (in the DSP two initial values of trans 
ponder backoff are selected* One value applies for transmissions, or 
connections, among the host stations and one applies for connections 
from host stations to auxiliary stations*) k) Select a trial value for 
X, the ratio of thermal noise contributed by the down-link to thermal 
noise contributed by the up-link (both contributions, of couise, to be 
measured in pWpO at baseband in a telephone channel), (in the DSP, two 
trial values of this ratio are selected, corresponding to the two types 
of connection considered in each run.) With a value assigned to each of 
the loop parameters, the total system cost for one complete system con- 
figuration is calculated as an integral part of step four (step six of 
the DSP). Figure 2-i+ lists the calculations that are involved and shows 
the sequence in which they are performed, (in the DSP the cost of the 
auxiliary stations and of the satellite segment associated therewith is 
obtained in a separate program run and included as part of the input 
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data,) These calculntlons are explained further in what rollows, 

a. From Loop Variables to Tot:il Sywtiiii Cost 

The four (six in the DSP) pai^^iiu^ters, or l(Jop 
varif^bles, may be shown to uniquely specify a single system configuration 
in the following manner. Let NU, NI, and ND be the design values of 
NU", NI", and ND", respectively. Thf^ design values, then, are those 
values that obtain when there is no rain loss in the transmission path. 
The rain losses, or link margin^,, are given as input parameters. The 
up-link margin is represented by MU, and the down-link margin by Kfl), 

In single-channel-por-carrier systems using frequency modulation, 
the test tone-to-noise ratio is given by: 

B 

TT/N = I # (C/N) * - if * (B^j/f J * p # w 

m 

where TT/N is the test tone-to-noise ratio (a measure of the quality of 
the channel), 

C/N is the received carrier-to-noise ratio, 

B ^ is the rf bandwidth of the channel, 
ri ' 

is the maximum baseband frequency, 
p is the baseband processing improvement factor, and 
w is the psophometric weighting improvement factor. 
In a given application, B ^, f , p, and w are fixed. Therefore, 



TT/N = K* * (C/N) 



(2.2) 
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where K» a (3/2) * ((B^f/2f^) - l)^ * (B^j/f^) * p # w, and may be 
treated as a constant. TT/N and actual total baseband noise in a 
telephone channel, represented by (pWpO)^^, are alternative ways to 
describe channel quality. Each may be expressed in terms of the other, 
The equation relating them is, (l6) 



10 * log(TT/N) a 90 - 10#log(pWpO)^^^ 



or, 



TT/N = 10^/(pWpO)^j^^ (2.3) 



Substituting Eq. 2.3 into 2.2; and solving for (pWpO)^^^^, 
(pWpO).. = 10^/(Kt«(C/N)) 



or. 



(P^PO)bb " '^/(^/N) (2.U) 



where K = 10^/K» . 

Thus, the total baseband noise in the telephone channel is inversely 
proportional to the received <^arrier-to-noise ratio, as long as the 
carrier-to-noise ratio is above threshold. This establishes the follow- 
ing relationships : 



NU" = MU*NU, 
NI" a MU*NI, 
ND" = NU#ND«, 



(2.5) 

(2.6) 
(2.T) 
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whore ND' is the down-link noise obtained when rnin loss occurs only in 
the down link. 

To determine the relation between ND» and NI), it Is useful to rco;Ul 

that the equivalent output temperature, T , of an attenuator whoso 

" ao' 

physical temperature is T is given by, (17) 

'^ao " '^"(^ ^ 

where 1/g is the loss of the attenuator, or g is the attenuator ''gain/' 

The attenuator In this case is the rain whose physical temperature is 

approximately equal to T^ (=290 ^K), and whose *'gain*^ is 1/MD. The 

actual equivalent input noise temperature at the earth station, T 

' e, actual' 

is the sum of the noise temperature before degradation due to rain loss, 
T^, plus the equivalent output temperature of the rain loss attenuator, 

T . Or, 

ao ' 



T - T + T 

e, actual e ao* 



From the above disucssion, we may write. 



^^/^^d, without attenuation = (^/^d) . ^,^^^3 (2.9) 
on the down-link ^ 



and 



^^^^^d, with attenuation on = i^^^*) = k>VT +T V^d "" ^^•'■^) 
the down-link ® ^o' rf 
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where k Is Boltzman's constant. Other variables are as previously 
defined* Taking the ratio of Eq, 2*9 to 2#9, 

^ e ao^ 
ND " T 

e 

or 

NDt «MD#(1 + (T^/T^) (1 - 1/MD))^ND. (S.l^) 
Substituting Eq. 2#10 Into 2*7, 

ND" «MU4^KffiHf(l + (T^A^)*(1 - 1/MD))#ND. (S^H) 
Substituting Eqs. 2#5i 2.6, and 2.11 into 2.1, 

NTH « MU4t(NU + NI + KtD4f(l + (T^T^) (l - l/MD))4fND. 
Since X is defined as ND/NU, NU may be written as, 

NU a (NTH/MU - NI)/(1 + X4fMD4f(l + (T^A^)*(1 - 1/MD))). 

In this expression for NU> NI is the only unknown. (Remember that 

NTH may be calculated from input parameters and that T and X are selec- 

e 

ted in steps two and four, respectively, as the evaluation of the various 
feasible system configurations proceeds.) NI is, in general, a function 
of the number of carriers that simultaneously access the satellite trans- 
ponder and of the transponder output backoff. However, it has been 
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8howii that; as in the present case, if the number of carriers accessing 
the trnnspondor is greater than approximately l6, NI is a function of 
transponder output backoff only, (l3) 

Step three; above, assigns trial values of transponder output back- 
off. Thus, each iteration of steps one through four, or any subset 
thereof, is equivalent to selecting a new trial noise budget since these 
four steps determine Nl, NU, and ND. ^^'^'^^u (^/N)d easily 
determined using Eq , 2.^+, and with these the up-link power (the up-link 
eirp divided by the transmit gain of the earth-station antenna) and 
the down-link power (the satellite eirp per channel divided by the gain 
of the satellite antenna) can be calculated* In short, all cost-related 
parameters of the system configuration that corresponds to a trial noise 
budget are now known or can be calculated. 

The values of the parameters of the minimum-cost configuration are 
retained and printed in the format shown in Appendix E, The values of 
a few key parameters associated with the minimum-cost noise budget for 
each of the trial values of earth-station (G/T)^ (step one) are also 
retained. They are printed as shown on page 13 of Appendix E. 

b. The Total Cost Curve vs The Loop Variables 

As already mentioned, the program generates trial 
configurations by iteration over the four stepD, or program loops, out- 
lined at the first of this section. For a given combination of earth- 
station antenna diameter and equivalent input noise temperature, the 
various ways in which the total noise may be allocated are obtained by 
repeating step four a number of times for each repetition of step three. 
The number of times that step four is repeated before repeating step 
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three depends on the value of total system cost nftor each step-four 
iteration. In general, as X, the loop variable in stop four (dofiucd 
as the ratio of down-link thermal noise to up-litik thermal noise), 
increases while keeping the other three loop variables constant, the 
cost of the earth-station power amplifier tends to increase and the cost 
of the satellite segment tends to decrease* Although monotonic, these 
variations in cost exhibit a ^'staircase'* appearance when plotted vs X» 
Therefore, although the curve representing the sum of these two costs 
will exhibit a minimum, it may not be rtonotonic on either side of the 
minimum. For each value of the loop variable in step three, a step four 
will be repeated until two successive repetitions both yield a total 
cost Increase, 

This same behavior of total cost is shown when all loop variables 
are held constant except the loop three variable. This variable, BO, 
is the output backoff of the satellite transponder. As BO increases 
(all other loop variables remaining fixed), the cost of the earth-station 
power amplifier tends to decrease. The cost of the satellite segment 
will first decrease (if the initial value of BO is sufficiently low) 
and then increase. This occurs because the cost of the satellite segment 
depends on total power required and not just on the useful output power. 
As BO Is increased, less noise is contributed by intermodulation distor- 
tion in the transponder so more noise may be allocated to the up-link and 
to the down-link. More down-link noise means lower down-link output 
power. However, total satellite power is the product of output power 
and transponder output backoff. It is this quantity that first decreases 
to a minimum and then increases. 
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Figure 2-^ shows the behavior Just described, it is n plot of X 
vs totol system cost, with BO as a pnrametor, from nn nctunl run of the 
single station program. For this figure, the diameter of the earth- 
station antenna is 15* and the equivalent input noise temperature of the 
station is 335 ^K. 

Figure 2-6 reveals, as expected, that total system cost also 
exhibits a minimum when X and BO are held constant and distinct trial 
configurations are obtained by changing (G/T)^ (and the combination of 
G and T for any particular value of (G/t)^ only). In this figure, BO is 
equal to 6 dB and X is equal to a ratio of I4. 

E. PROGRAM RUNS FOR A TYPICAL DEMAND SITUATION 

1 • Values of the Demand Parameters 

The traffic data for the program runs reported on in this section 
were derived from I971 Canadian national long-distance aggregate tele- 
phone statistics and from the 1970 Canadian Census. The average per- 
capita offered load, in erlangs, for long distance calls was approxima- 
ted and used to estimate the long-distance traffic load that would be 
offered by each town, city, or metropolitan area. Three different levels 
of aggregate demand for satellite circuits were developed, representing 
a lower bound level, a nominal level, pnd an upper bound level, (See 
Appendix F for details.) In Table 2-2 these levels are described in 
terms of the demand parameters that were mentioned earlier and that are 
more fully explained in Appendix C. 

The figures presented in the output format in Appendix E are the 
results of program runs using the nominal demand level. This section 
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X <=ND/NU) 



Fig. 2-5. Total System Cost vs X, with BO as a Parameter. (X is the 
Ratio of Down-link Noise to Up-llnk Noise. BO is the 
Satellite Transponder Output Backoff, in dB.) (SSP run, 
nominal demand) 



160 ■ 




Small Station G/T (dB) 



Fig. 2-6. Total System Cost vs Small Station 0/T. with Small Station 
Antenna Diameter as a Parameter, (SSP run, nominal demand) 
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Table 2-2 

Assumed Demand Lovol for a Cnuadinn 
Uomofllic SatolUto System 



Demand 



Demand Level 





Lower 


Nominal 


Up pen' 


Demand Option 


regui ar 


regular 


oven low 


^oss> erlangs 


Ol 125 


0.125 


0.330 


E ^- , in erlangs 
osl ' 


0.275 


0.275 


0.720 


E - , • in erlangs 
ol 1 


i+o.o 


i+o.o 


600.0 


NS(1),...,NS{5) 


100 


200 


300 


rftHO^, , . . ,M>^lp; 


u 


r\ 

U 


yj 


NL(1 ),..., NL(5) 


2 


2 


2 


nl(2),...,nl(5) 


0 


2 


2 


NL(6),...,NL(15) 


0 


0 


0 


RSS(1),...,RSS(15) 


12$ 


12^ 


12^ 


rsl(i),...,rsl(15) 


12^ 


12^ 


12^ 


rll(i),...,rll(15) 


121^ 


12^ 





For a P.Ol grade of service in obtaining a non-busy transmitter- 
receiver pair at an earth station, an offered load of 0»h erlangs 
(= 0,125 + 0*275) requires three transmitter-receiver (T-R) pairs. 
Growing at the constant rate of 12^ per year, an initial load of 
O^k erlangs will become a 15-year load of 2.13 erlangs, requiring 
seven T-R pairs , 

Definitions for Table 2''2 
E • E ^ are the loads, in erlangs, offered to a small station during 

OSS OS 1 / «^ / " 

Its initial year of service for circuits to all other small 
stations and to large stations, respectively. 



E^^^ is the load, in erlangs, offered to a large jstatlon during' it 

initial year of service for circuits to all other large sta- 
tions. In the overflow option it is the initial average 
base-line demand, as defined in the text, 

NS(»), NL(«) are the number of small stations and the number of largo 
stations, respectively, that begin service in yeor (•) of 
the study period. 



(cent) 
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Table 2-2 (cont) 

RSS('); RSL(«) are the percentage increases In load offorod to a small 
station during year (•) of the study period for circuits 
to all other small stations and to large stations, respec- 
tively, 

RLL(*) la the percentage Increase in load offered to a large sta** 
tion during year (•) of the study period for circuits with 
all other large stations. 



will not give the results for onch doiniuul lovol in svicli cletnil, lnst.<-»f5, 
a summary of the optimum conf igurntlon for each level sholl be given 
together with examples of tlio cost of using non-optimum values of trnn«- 
ponder gain and small station (G/T) » 

2$ Other Input Parameter Values 

For each level of demand: the length of the study period Is 
equal to I5 years; an overall grade of service of P.03 (19) is assumed 
to be equally divided among origination station, satellite, and termina- 
tion station; the quality of all large station-to^large station circuits 
corresponds to 10,000 pWpO of baseband noise, worse-case, ov to a 
weighted test tone-to-noise ratio of 50 dB; circuits handled by small 
stations are allowed 100,000 pWpO, worse-case, or a I4O dB weighted test 
tone-to-noise ratio; the threshold carrier-to-noise ratio CCC/N)^j^j,esj^Qi(j) 
is 10 dB and the baseband processing improvement factor is 2* dB for all 
four types of connection; a constant load of 36 \v of satellite power is 
reserved for two channels of national television; the satellite antenna 
beamwidth is set at 5 by 7 degrees; and, the equivalent input noise 
temperature of the satellite is 1200 ^K. 

3» Description of the Lower Bound Level of Deman d 

It may prove helpful to give a word description of the lower 
bound level. Two large stations provide a large cross-section route 
between Vancouver, B.C , and Ottawa, Ontario and act as access points to 
the already existing terrestrial network within their respective service 
areas for communities served only by satellite. These two stations will 
begin operation when the initial satellite is launched, (in general. 
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tho number of newly constructed large stations thnt begin operntloJJ oncli 
yenr of tho study period of represented by NL(t)). 

A total of 500 small stations handle the long-distance traffic of 
small- to intermediate-sized communities. One hundred of them will be 
installed to begin operation with the initial satellite launch. An 
additional 100 stations will begin operation at the first of each 
succeeding year of the study up to the fifth year. No further small 
station construction is anticipated, (in general, the number of newly 
constructed small stations that begin operation each year of the study 
period are represented by NS(t)#) 

The initial load offered to each small station is 0.1*0 erlangs, of 
which 0,125 erlangs (E ) is for connections to other small stations 
and 0.275 (^osl^ connections to the large stations. Prom thes'? 

initial loads, the traffic carried by each small station will increase 
at 12^ per year, as shown by DS(t). DS(T) is the percent increase in 
demand offered to small stations from year T to year T + 1. An initial 
load of kO erlangs (E^^^) is carried over circuits between the two 
large stations, The large station-to-large station traffic will also 
grow at 12^ per year, as shown by DL(t) , DL(t) is the percent increase 
in demand offered to large stations for circuits with other large stations 
from year T to year T + 1. 

k* The Optimum System Design 

Table 2-3 shows, for each demand level, certain key parameters 
of the optimum system configuration, (Each configuration was determined 
without the advantage of some 3 dB in carrier-to-intermodulation noise 
ratio that has been shown to exist for single-channel-per-carrier 
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.oporfltion, (20) Purtliormoi o, It is assumed that fully vnrinblc dcmiUKl 
access is not implemented, being too costly in terms of eBrth-stntion 
channelization and signaling equipment. This assumption increoses by a 
factor of 1,15 the number of active satellite channels above the number 
required for fully variable operation, And, finally, link c(\lculations 
are made assuming that all earth stations are located at the 3 dB beam 
edge of the satellite antenna beamwidth. These leanings in favor of 
conservative system design will be partially, though not totally, offf 
by the various system losses that are not explicitly shown, su;h as 
losses at the earth stations.) 

5. Cost Sensitivity to Small Station G/T 

From the program print-out of the minimum-cost configurat 
corresponding to each trial combination of earth-station 0/T one mo 
show the penalty that would be incurred if, for example, a non-opti 
value of 0/T were selected for the small station. Figures 2-?^ 2-P 
2-9 are curves of total system cost, for each demand level, as a fi= 
of small station O/T. The large station parameters, in each case, 
held constant. 

As expected, the total cost of the system exhibits a fairly f 1 
minimum with respect to small station OA. In addition, the mlnirr 
fairly broad. For example, in the cases shovm, the total cost has 
increased by less than lOi for G/T values 2 dB away from the optima 
value. Obviously, the percentage increase at 2 dB decreases as the 
number of small stations decreases, 

It may be seen, however, that there is a significant cost incr^ 
when a 20 ft. antenna is chosen for the small stations. This is du 
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Pi0. 2-7. Total Syston Cost versus Small Stntlou C/T, with Smtill 
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Pic* 2-9. Totol System Cost versus Smoll Stntion G/T, with Small 
Stntlon Antenna Diameter os 0 Pnromotov, (DSP run, upper demand) 
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.almost oiitlroly, to tho cost difference between the 15 ft, ($7jOOO) nnd 
the 20 ft, ($32|000) antennae, (Notice that the penalty, as a porcontngo 
of the optimum value of total cost, increases as the number of small 
stations increases*) Naturally, if this difference were reduced, there 
would come a point at which the 20 ft, antenna would be the optimum 
choice • It would be possible to determine the dollar value of the 
difference at the cross-over point using the program. As yet, we have 
not done so* 

6. Cost Sensitivity to Satellite Transponder Gain 

To illustrate the merit of choosing the proper values for the 
transponder gains, Table 2*^ compares the unconstrained optimum configu- 
rations with the least-cost configurations given that the transponder 
g^ins are fixed and set equal to the gain that obtains for large 
station-to-large station connections in the unconstrained optimum con- 
figurations » The cost differences although small^ relatively speaking^ 
are not negligible* Nevertheless, it should be remembered that for all 
three demand levels, the optimum large-station antenna diameter is much 
smaller than those of the present "standard^* stations of the Intelsat 
system* Thus, the optimum transponder gain for large station-to-large 
station traffic is larger and the difference between this gain and the 
optimum gain for small station-to-small station connections is smaller 
than would be the case for large stations conforming to Intelsat 
standards* As shown in Appendix D, the larger the difference between 
the optimum transponder gains, the greater the cost penalty associated 
with the use of the large station-to-large station gain for small station 
to-small station connections* 
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7» Cost Sonsltlvlty to Basoband Sip;nal Processing 

Using the Satellite System Design Program one may easily in- 
quire whether by using more sophisticated baseband signal processing 
the cost of the sys^^m could be reduced* The trade-off is an increased 
cost for the processing equipment vs a reduced cost for transmission 
because of narrower bandwidths and lower threshold carrier-to-noise 
ratios. Table 2-5 shows the results of a run using the nominal demand 
level where the threshold was reduced to 7»5 dB and the improvement due 
to baseband signal processing was increased from k*0 dB (pre-emphasis 
only) to 15*3 dB (a combination of pre-emphasis^ compandoring and "click" 
suppression). The difference in total cost corresponds to a difference 
of $600 per channel per year for every earth-station channel in the 
system. From thiS; it would appear that up to approximately $3000 per 
channel in initial capital costs may be incurred before baseband pro- 
cessing is no longer the least-cost alternative. 

An even more favorable position for baseband processing obtains 
when it is assumed that the revenue to pay for the satellite s.egment 
cost of providing 36 w for network television is not obtained from 
charges for the use of telephony channels. In the nominal demand level, 
the satellite pov/er for television is approximately of the total 
present number of watt-years of required power. When this fraction of 
the satellite segment cost is subtracted from the total system cost, an 
initial cost difference of about $1*000 per channel may be justified for 
baseband processing. 
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F. THE SATELLITE FACILITY MATRIX 

Anticipating the need to economically integrate the satellite 
facility with existing and planned terrestrial facilities (a comprehen- 
sive method of network planning is given in Chapter IV), it is convenient 
at this point to present satellite facility costs and optimum parometer 
values for several possible combinations of the required number of net- 
work earth stations and the average offered load, in erlangs, per station. 
They are presented in Table 2-6 which shall be referred to henceforth as 
the Satellite Facility Matrix. All matrix entries" were obtained using 
the Single Station Program with identical values of all of the input 
parameters except those that represent the number of earth stations and 
the average offered load per station. The common values of the rele- 
vant input parameters are given in Table 2^7 • The values of the total 
end-of-period (I5 years) number of network stations and of the total 
end-of-period demand that is served by the satellite are indicated on 
the matrix. 

For each different combination of the values of these-t*o input 

parameters (the average demand, or load, per station is the actual input 

parameter), the corresponding minimum-cost values of earth-station 

antenna diameter (D^) and system noise temperature (T^), total annual 

cost per circuit (A$/C), and satellite transponder gain (G, ) are shown, 

tr ' 

It is quite likely that one of the options that will be available to 
individual nations that are considering the establishment of a national 
satellite system is that of leasing space-segment capacity on an 
existing satellite . A lease option, characterized by an annual 
lease fee per transponder or per watt, may be specified with either 
of the Satellite System Design Programs, The Satellite Facility 
Matrix is based on this lease option using an annual cost per watt 
of $100,000. 
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Table 2-6 
SATIXLITE FACILITY MATIIIX • 
Total End-of-Poriod Domnrid SiTVOd by Sati^lllto (in orlaiij's) 
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Table 2«7 

Tho Values of Some of the Input Parameters that wore 
Held Constant During tho Program Runs that Gonoratod 
the Data Shown In the Satellite Facility Matrix 



Input Parameter Value 



Total allowed baseband noise, 
per channel 10^000 pWpO 

Noise contributed by sources 
other than up-link thermal, 
down-link thermal, and 
satellite intermodulation 
distortion 

Threshold carrier-to-nolse ratio 

Baseband processing improvement 
factor 

Psophometric weighting Improvement 
factor 

Array entries for year-to-year 
growth rate in demand (all identical) 

Satellite equivalent input noise 
temperature 

Length of the study period 

Satellite lifetime 



2,500 pWpO 

15.3 dB 

2.0 dB 

12.0^ 

1075 
15 yrs 
T yrs 
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Also included arc tlio initinl load, in orlangs, per stnttoii (orl) niid 
the initial nnd ond-of-period numbors of clmnnols rcquirod to serve* the 
load offered to a station that begins service during tho first year of 
the study (ch). 

Aside from the cost information it provides for later comparisons 
with terrestrial facilities, the Satellite Facility Matrix shows that 
under the lease option (see footnote on preceding page) the minimum-cost 
earth-station parameters are not so much a function of the total number 
of stations or of the total satellite load as of the per-station load* 
For example, entries on the main diagonal from upper-left to lower-right 
Show that with a constant initial load per station of 1.8 erlangs the 
same, or nearly the same, earth-station parameter values are the 
minimum-cost values for numbers of stations all the way from 10 to 2000 
and for total satellite loads from I4O to 3000 erlangs, 

This is not surprising when the de-coupllng effect of leasing 
satellite capacity as needed is considered, when any one developing 
nation must support the entire satellite segment, the tendency will be 
to so allocate the available satellite power as to postpone as long as 
possible the necessity of launching a second satellite. In this circum- 
stance, as the number of stations and/or the total satellite load 
increases, there is a shifting economic optimum between increasing system 
capacity by increasing earth-station G/t and increasing satellite segment 
capacity. In effect, this circumstance produces an equivalent dollar- 
per-watt figure that is no longer a constant but is a function of the 
total load offered to the satellite* 
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0. CONCLUSIONS 

With the Satellite System Design Program it has been shown that 
under present industry pricing; 

1) The least-cost satellite system for national telephone 
and television communications to thin route (only a few 
circuits) users Is accomplished using very small antennas 
at the small stations, 

2) These stations will use antennas that are less than or 
equal to I5 ft. in diameter. 

3) The diameter of the antenna at largo stations need not 
be greater than 32 ft. Indeed, in some cases 20 ft. or 
25 ft. diameters are the least-cost choice with regard 
to total system cost. 

k) It is a misconception to believe that satellite power 

must be conserved at all cost. The optimum configuration 
for each of the three demand levels involved the launch 
and subsequent simultaneous use of more than a single 
active satellite. That is, it costs less to use more 
satellite power than to build larger (in terms of OA) 
earth stations. 

5) A key design parameter with regard to total system cost is 
the gain of the satellite transponder. This, of course, is 
not just another way of saying that satellite power should 
not be considered as the most costly resource. Although 
satellite power will decrease somewhat with sub-optimum 
transponder gains, the level of per-channel output power 
at the satellite is determined more by the G/T of the 
receive station than by the gain of the transponder. 

The optimum transponder gain will reduce the cost of the 
earth-station by permitting a lower up-link eirp» 

6) The proper satellite for a given demand depends not only 
on the end-of-study , in-orbit power requirement but also, 
and more importantly, on the manner in which this require- 
ment is reached. For example, the upper demand level 
requires 529 w of satellite power at the end of the 

15th year, yet the minimum-cost satellite is one whose 
available end-of-life rf power is only 120 w. 

7) It may be very advantageous in terms of total system cost 
to trade reduced transmission costs for increased costs of 
baseband signal processing per channel. In addition to the 
savings in the cost of power, as shown in Table the 
narrower bandwidths will permit the satellite segment to 
handle more circuits without recourse to expensive schemes 

Q to reuse bandwidth. 
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ATTACHMENT XI. 3 
ALASKA PUBLIC HEALTH SERVICE WITS COMMUNITY PROFILE 



The data Included In this report were created 
from a file stored under the SPIRES Computer 
Information Retrieval System at the Stanford 
Center for Information Processing, These data 
are also available for interactive searching* 
Instructions for searching can be obtained at 
(A15) 497-2755» 



INSTITUTE FOR COMMUNICATION RESEARCH 
Stanford University 



April 1974 



Research Supported by Research Contract NOl-L>t- 1-4718 6etv;een 
Stanford University and the National Library of Nledicine* 
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ALASKA PUBLIC HEALTH SERVICE UNIT DEMOGRAPHIC PROFILES 



The tables on the following pages have bean compiled to a^fjlst 
in the planning of satellite medical telecommunications in 
Alaska* The tables, based on an earlier report by Daniel Allen 
and Carol Milder, draw on a variety of sources for their data. 

The tables are organized by Public Health Service Unit, 
which creates some problems in dealing with the population 
figures, as noted below* 

The population data were obtained from the 1970 census* The 
native population figures were obtained from a variety of 
sources, including the 1969 "Estimates of Native Population in 
Villages, Towns and Boroughs of Alaska," and personal 
communications with U.S. Public Health Service personnel. The 
populations for each Health Service Unit obtained by summing the 
reported populations for all communities within the unit are 
often misleading. The total population for Alaska obtained this 
way is only 232,676 - some 70,000 short of the official census 
total of 302,173. We have tried to locate these "missing" 
Alaskans by developing a second population estimate based on the 
1970 census district information. Although this is not completely 
accurate, as the census district and Health Service Unit 
boundaries do not always match, it does allow us to narrow the 
error . 

As might be expected, most of the missing people are located 
in the more urban areas. The Anchorage unit has 49,269; Tanana 
has 11,768} and Mt» Edgecumbe has 5,959. (These figures were 
obtained by comparing unit populations calculated by summing the 
populations of all communities against estimates based on census 
district populations.) 

Native population figures for urban areas seem to be our 
major problem area. We do not have these data for many cities, and 
those data we do have often appear to be wrong; however, we have not 
been able to identify more accurate projections. We include the 
best possible estimates from different sources at the bottom of each 
service unit listing. 

Similarly, total native populations for each service unit calculated 
by summing the native populations of all native communities in the 
unit, are lower than most other estimates. The total native population 
for Alaska, calculated in this manner. Is only 49,653, while the 
Office of Systems Development of the Indian Health Service estimates 
52,300 and Alaska Native Enrollment for the Land Claims Act 
ennumerates 60,214 eligible natives persons and 3827 ineligible ones 
(excluding those registered in other states) . 

Scheduled air service at airports was verified in the March 15, 
1973 Off leal Airline Guide. 
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Telecommunications 

In the cities I local telephone networks are operated by 
municipal utility systems (e.g. Fairbanks Municipal Utilities 
System). In the bush, the major commercial carrier is the RCA Bush 
Phone network, which at the present reaches a small number of 
communities. Long line inter-city service for civilian use and 
connection with the Bell System In the "lower 48" states is mainly 
operated by RCA. RCA acquired in 1971 from the Air Force the ACS, 
a system linking major communities in the Eastern and Central 
sector of the state. In its bid for the ACS system, RCA proposed 
to provide reliable telephone service to as many bush villages as 
technically and economically feasible. 

Only major cities have access to direct television. In a few 
communities cable service and educational stations offer taped 
programs. 

Practically all communities have some kind of radlocommunlcatlon 
with neighboring cities, but technical difficulties (from hardware^ 
the energy supply or the atmospheric conditions) make these links 
highly unreliable. 

Data about telecommunications in this report came from the 
following sources; 

For commercial public educational radio and televisions 
"Broadcast Yearbook" and Television Factbook." They offer data 
about practically all stations on the basis of information provided 
by the stations and the FCC. An Important source has also been the 
Teleconsult Report (ref. 2), 

For radio and phone facilities In the villages: 
An extensive record is kept in the "Communications Facilities Handbook" 
issued by the Alaska Area Native H6alth Service. It includes informa- 
tion by service unit and village, longitude and latitude, the type of 
available communication, its frequency and call sign. RCA Alaska 
Communications has made available to the public Information about their 
different accomplishments and plans. This material is available 
from RCA representatives. 

An additional source reference used is the report prepared 
by Teleconsult Inc., "A Study of the Potential of Telecommunications 
and Educational Technology to Satisfy the Educational Communications 
Needs of the State of Alaska", Washington, D.C. 1972. 

We feel these data are now about as accurate as we can make them 
from Stanford, and that It should now be reviewed by knowledgable 
Alaskans who can provide insight that those of us residing 
outside cannot. We will appreciate any comments, corrections or 
suggestions. 
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GUIDE TO TABLES 

The Alaakan communities in these tables are ordered alphabetically 
for each Public Health Service Unit (see Reference 16 above) with each 
population-type grouped separately (see POPULATION below) s 

*****NATIVE PLACES***** - XNAT GREATER TliAN 33 

*****NON-NATIVE PLACES***** - XNAT LESS THAN 34 

*****UNPOPUUTED PLACES***** - TOTAL EQUAL TO 0 

The beginning of each new service unit is Indicated by its name 
in the top left corner of that page. At the end of each service unit 
are notes pertaining to the reported population figures. 

COMMUNITY 

The community's primary name is given first. Any alternate names 
follow in parentheses. A name in parentheses preceded by "bt" 
is & BOROUGH name of which that community is a part. 

POPULATION • 

TOTAL " TOTAL POPULATION FOR COMMUNITY 
• NAT n NATIVE POPULATION FOR COMMUNITY 
XNAT - NATIVE POPULATION/TOTAL POPULATION 

TRANSPORTATION 

APT - AIRPORT 

0 - UNAVAILABLE 

1 - SCHEDULED SERVICE 

2 - UNSCHEDULED SERVICE 
ROAD - ROADS 

0 - UNAVAILABLE 

1 " AVAILABLE 
WATER" MATER TRANSPORTATION 

0 « UNAVAILABLE 

1 - PERRY 

2 - RIVERBOAT 

COMMUNICATION 

TEL - TELEPHONE 

0 - UNPLANNED 

1 - EXISTING RCA BUSH TELEPHONE 

2 - RCA BUSH TELEPHONE PLANNED, PHASE ONE 

3 " RCA BUSH TELEPHONE PLANNED, PHASE TWO 

4 - RCA BUSH TELEPHONE PLANNED, PHASE THREE 

5 " COMMERCIAL TELEPHONE AVAILABLE 
HP " HIGH FREQUENCY RADIO AVAILABLE 

0 « UNAVAILABLE 

1 - PRIVATE 

2 " STATE . 

3 " PUBLIC HEALTH SERVICE 

4 - BUREAU OF INDIAN AFFAIRS 

5 » UNKNOWN OWNER 
TV " TELEVISION 

0 - UNAVAILABLE 

1 » CABLE TV WITH MAILED TAPES 

2 - ETV WITH MAILED TAPES 

3 - AIR FORCE TRANSUTOR 

4 » UNCERTAIN BUT PROBABLY AVAILABLE 

5 » COMMERCIAL TELEVISION 
SAT » SATELLITE 

X » LINK AVAILABLE 
(BLANK " UNAVAILABLE) 
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POWER 

SOUR - SOURCE 

0 " UNAVAILABLE 

1 - INDIVIDUAL GENERATOR 

2 - DIESEL GENERATOR 

3 " TIE LINE 

A - SCHOOL GENERATOR 

5 - REA 

6 - POWER AVAILABLE, SOURCE UNKNOWN 
DIST « DISTRIBUTION 

(SHOWN ASt 

X OP RESIDENTS WITH POWER) 
HEALTH AIDES 

- NUMBER OF HEALTH AIDES ASSIGNED 
(BLANK - NONE) 

COORDINATES 

UT - LATITUDE 
LONG - LONGITUDE 

(ABOVE SHOWN AS "DEGREES .MINUTES") 

NOTE I 

BLANKS are to be treated as an Indication of MISSING DATA 
except as noted under SATELLITE and HEALTH AIDES. 
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16 ♦ Service Unit Operative Plan FY 1974, Alaska Area Native Health Servic 
Indian Health Service, PHS-HMSHA-HEW. 

a) Alaska Native Medical Center and Anchorage Service Unit 

b) Barrow Service Unit 

c) Bethel Service Unit 

d) Kanakanak Service Unit 

e) Kotzebue Service Unit 

f) Mt. Edgecombe Service Unit 

g) Tanana Service Unit 

17. Coaununlcatlon Facilities Handbook, Alaska Area Native Health Service, 
undated document. 

18. Village Telephone Program, RCA, May 2, 1972, 



A-150 



EXAMPLE OF AN INTERACTIVE SEARCH INTO THE ALASKA FTI-R IN TIIK SIM RKS 

SYSTP.M 



COMMAND ? spires 

WELCOME TO SPIPES-2, OSVALDO ...IF IN TROUBLE, TRY 'HELP' 

SELECT ALASKA 

FIND NATIVE POPULATION <1000 AND >25 AND PHS UNIT BETHEL 

RESULT: 44 COMMWim(S) 

STORE RESULT.NATIVE. VILLAGE. BETHEL 

RESULT. NATIVE. VILLAGE. BETHEL" PUT IN ORVYL FILE SYSTEM. 
FIND (3RE3ULT. NATIVE. VILLAGE. BETHEL AND AIR 1 
RESULT: 37 COMMUNITY (S) 

FIND (3RESUI,T. NATIVE. VILLAGE. BETHEL AND AIR 2 
RESirLT: 5 C0M?1UNITY(S) 

FIND (3RESULT. NATIVE. VILLAGE. BETHEL AND ROAD AVAILABLE 
ZERO RESULT. 

FIND (aRESULT. NATIVE. VILLAGE. BETHEL AND WATER-TRANS 1 
ZERO RESULT. 

FIND @RSSULT. NATIVE. VILLAGE. BETHEL AND NOT AIR 1 AND NOT ROAD 1 ^ND 

NOT WATER TRANSPORTATION 1 
RESULT: 7 COMMUNITY (S) 

AND TELEPHONE PROBABLY UNAVAILABLE 
RESUI.T: 7 COMtflJNITY (S) 

FIND (^RESULT. NATIVE. VILLAGE. BETHEL AND RADIO AVAILABLE 
RESULT: 43 COMMUNITY (S) 

FIND (^RESULT. NATIVE. VILLAGE. BETHEL AND SATELLITE RADIO 
ZERO RESULT. 

FIND @RES ULT. NAT I VILLAGE. BETHEL AND POmR AVAILABLE AND POWER 

DISTRIBUTION >50 
RESULT: 20 COMMUNITY (S) 

FIND @RESULT. NATIVE. VILLAGE. BETHEL AND (AIR 1 OR ROAD 1 OR WATER- 
TRANS 1) 
RESULT: 37 COMMUNITY(S) 
AND TELEPHONE PROBABLY UNAVAILABLE 
RESULT: 35 COMMUNITY (S) 



LOGOFF 
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*** EXPLAIN ALASKA 

This SUBFILE contains Profiles of Alaskan 
Cotnmunlties . An introduction to the file In terms of 
its data and sources can be found by typing the command 
'SELECT ALASKA MOTES* and then the command ^DISPLAY G-1 ' < 
For additional information on that subfile, type 
•EXPUIN SUBFILE ALASKA NOTES ^ 

The ALASKA subfile contains the following 
major categories of Information: 

1. Community Name(s) 

2. Population 

3. Public Health Service Data 

4. Transportation 

5 . Communication 

6» Electrical Power 

7. Geographic Location 

8. Geographic Groupings 

9. Record Add/Update Information 
10 t Community Identifier 

An additional category of information is available 
under the ALASKA NOTES subfile: 

II. Appendix Information (General Description, 

Footnotes, References) 

The following outline details all of the data elements 
available under the subfiles. UPPER CASE names are the 
data elements » Additional UPPER CASE names in parentheses 
are legal abbre/iations which may be used. An means 
the data element is required for each record (Community) : 
1* Community Name(s) 

a. COMMUNITY*(COMH,C,NAME,NAM,N,CN) 

b. ALTERNATE-NAME (AN) 

2. Population 

a. POPULATION-TYPE*(POP-TyP,PT) 

b. POPULATION (POP, P, TOTAL) 

c. NATIVE -POP (NATIVE. POP, NAT-POP, NAT, NPOPjNP) 

d. NATIVE-PERCENT (NAT-PER,NPER,NATIVE%,NAT%,N%,%NAT) 

3. Public Health Service Data 

a. PHS-UNIT*(PHSU,PU,UNIT,U) 

b . HEALTH-AIDES* (HEA-AID ,KA , AIDES , AID , ADS) 

4. Transportation 

a. AIRPORT (APT, AIR, A) 

b. ROADS (ROAD,RO) 

c. WATER-TRANS (WAT,WT,W) 

5. Communication 

a. TELEPHONE (TELE, TEL, T) 

b. RADIO (RAD,RA,HF) 

c. TELEVISION (TV) 

d. SATELLITE (SAT,S) 

6. Electrical Power 

a. PC'rtR (POVfER-S0URCE,P0W,PO. PS, SOURCE, SO) 

b. POWER-DIST (POWER. DIST,POW-DIS,PD, DISTRIBUTION 

DIST,DIS) 
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7. Geographic Location 

a. LATITUDE (LAT,LA) 

b. LONGITUDE (L0NG,LON,L0) 

8. Geographic Groupings 

a. CENSUS-DISTRICT (CEN-DIS,CE) 

b. BOROUGH (BOR.B) 

C. OTHER-REGION (OTH-REG,0) 

9. Record Add/Update Information 

a. CREATION-DATE (CRE-DAT,CD) 

b. MODIFICATION-DAT (MOD-DAT, DATE, DAT ,MD,D) 

10. Community Identifier 

a. COMMUNITY-ID* (COMM-ID,CID, CI, ID) 

11. Appendix Information 

a. NOTE-ID (NOTES .NOTE ,NI) 

b. NOTE-TYPE (NOT-TYP,NT) 

c. COMMUNITY -REF (COMM-REF.CR) 

d. NOTE-KEYWORD (NOT -KEY, NK) 

e. NOTE-TEXT (NOT -TEX, TEXT, T) 

COMMUNITY-ID Is the key of each record In the file. It 
is required by all DISPLAY, TRANSFER, and UPDATE commands. 
CREATION-DATE is the date the Community record was first 
ADDed to the file. MODIFICATION-DAT is the date the record 
was last manipulated by an ADD or UPDATE command. 

'EXPLAIN ALASKA NOTES' for more Information about category 
11. RemeiPber that ll.b.-ll.e are available only under the 
ALASKA NOTES version of the subfile, unless the command 
'format WITH NOTES' is given to specify the 'WITH NOTES' 
Output Format. 'SHOW FORMATS' for other available formats. 

All data elements are available as Search Terms ('FIND' 
command) except COMMUHITY-ID and elements ll.b.-ll.e. 

The following data elements have THESAURUS 's describing 
the simple and combined search values which may be used 
with them: 

AIRPORT (4. a), R0ADS(4.b.), 

TELEPH0NE(5.a.), RADI0(5.b.) , 

P0WER(6.a). 

Type the command 'THESAURUS data-element-name' and these 
values will be displayed to you in WYLBUR. 
For example: 'THE AIRPORT' puts the following into WYLBUR: 



1. 
2. 
3. 
4. 
5. 
6. 
7. 



A. Available 

A.l Scheduled Service 

A. 2 Unscheduled Service 

U. Probably Unavailable 

U.O Unavailable 

U.9 Missing Data 
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The outline CODP:S show the relationship of values to one 
another, but ONLY the values may be used In searching. 
For example, In WYLBl/R line //2, the combined search value 
'Available' with the code 'A/ can be used to find the 
simple search values under *A*P & *A.2'* Thus the 
command 'FIND AIR AVAILABLE' results In communities with: 

* AIRPORT « Scheduled Service' 
or 'AIRPORT * Unscheduled Service'. 

While outline CODES may not be used in searching, 
the number portion of any simple value may be used, 
optionally separated by commas to specify groups. 
Thus, 'FIND AIR 0» is the same as 'FIND AIR UNAVAILABLE', 
and ♦find AIR 1,2* is the same as 'FIND AIR AVAILABLE'* 

Simple values may be abbreviated in searching by use 
of the pound sign (//) , but beware of ambiguities and 
do not use abbreviations which conflict with compound 
search values, which may not be abbreviated • 
Thus , ' FIND A SCH// ' , 

'FIND A SCHEDULED ir , 
and 'FIND A SCHEDULED SERVICE' are all equivalent. 

But *FIND AIR U//' would result in occurrences of 
'Unavailable' as well as 'Unscheduled Service', 
And 'FIND AIR AVA//' would not work because 'Available' 
is a compound search value # 
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ATTACHMENT XI ,4 

Parameters and Costs of the Least-Cost 
Satellite System Configuration 

The satellite system analyzed has a satellite beamwidth of x 7^, 
similar to either the Canadian Anik Satellite or RCA's proposed satellite 
Within this coverage pattern it is assumed that 200 small ground stations 
are installed each year for the first five years. Each station starts 
with a requirement for 0,^4 erlangs of traffic, about one three-minute 
call every 8 minutes and grows at a rate of 11^ per year. 

It is also assumed that two large stations are added each year for 
the first five years. The large station traffic starts at kO erlangs and 
also grows at a r.^te of 11^ per year. 

Under these conditions^ the optimum station design for the small 
stations has a 10 ft. antenna, a 350^ K pre-amplif ier, and a 5 watt 
amplifier. The initial installed capital cost for these components 
(not including channelizing equipment) would be $10^905. 

The channelizing equipment assumed for this analysis provides a 
Test-Tone-to-Noise ratio of kO dB with a Carrier-to-Noise threshold of 
7.5 dB in a 20 kHz Bandwidth. 

Additional computer runs show this configuration to be at or near 
optimum for a 2 to 1 variation in number of stations or telephone traffic 

For the Indian Health Service it is appropriate to design a station 
that approximates this configuration and incorporates the ability to 
develope towards the configuration with time. 

The following pages of this attachment are the computer summary of tl 
optimum configuration. 
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PAO.AF'F.TERS AMO COSTS 
OF THF 

LEAST -COST S^TeLLlTE SYSTEM C^'NF IGURATI 0^4 



TAnie OF CONTENTS 

SI J'V ^'^'^ ••••<•••••«•••••• ,»••••••••••• ••t»i»»» •».••••• PAGC 2 

Sf'AlJ STATION PA'lfiMETCRS AND COSTS '» 

LA^GF ';TATTrN PAR/MFTERS A^O COSTS 6 

SATF'.l !TE SEGMENT PA^AMFTfiPS AriD COSTS 0 

L INK r*LCULAT!rNS • ^ 



o 

ERIC 
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<C1V>*K' TN Irt^MS OF W(l^Sr-C^S^ TOtAl ALLOW^fJ N'JIS': pn^t P. 'N Ttl'.: lUS^.RA^H) 
(SGC FGOTMtlTF 3 4) 

FOr l.-TO-L CHANNtiLS = lOCOO PWPO FOP S-Tf)-I. CH/5N'\F.LS ^ 100000 PWPO 
Fn<5, ^-TO-S CHAMiV'-LS = lOOOOO t^WPO FOR L-TU-S CHANMiLf: = lOOOOO PWPO 



*SYSTKM COSTS* 

TOTil. iMcStNT VJfRTH f»l,8Z0 1>M 

SAT;*I. I. IT': s^iiM'^Mf PRiSHNT WORTH 71. 
Tfr//.L PCfrSEfjT Wfv^TH OF Al.l. L-^RGF STATIONS 1.970 1,M 

TdTAi. PRFSP.MT vj^RTH :)= ML S^'-^LL STATIONS iM 
IF Th: T )TAL C )ST of TH£ system ^zPc RtXGVLAciO THRCUGM UMIFHRM AMMUAL 
P.:R-^;T.M lO.'i CHAPGFS, rHESc CHARGrS WnULO Bh: 

A K.iJAL ri-iiror- PJER l«t-<ATlNfi LAPG^: STATION $ 125293. 

A "",i4L CHANOF f'FP )P [:^;/^ TI N''. SV^.LL STATION 4 6fi55. 
IF TH'^ TOTAL COST OF THfi SYSTr^-^ WSRl= RtCOVfiReO THROUGH UMIFOP.M ANNUAL 
Prlf -STAT ION CHAfif^ESt TH.tSL CHA«Cl-S Vl'.lULO Bl?: 

t-.-MDAL C'AP.G? Pti< CHANNFL AT |.At>nF STATIONS $ 767. 

Arj 'UAL CHAKGii f^r^ CltA^NrL AT SM4LL STATIONS *> 15^9. 

IF. rOTAL cost of THt SYSTEM WE*^E RECOVf.KeO THROUGH UNIFORM ANX'IJAL 

P'?fv-P'.JSY-HOU''-=:RLANG CHARGES, THFSH CHARGcS WOULO RE: 

A'-ri'JAL CHAPfi^ PtP ►iUSY-HCUP EPLANG AT LAKGt STATIONS $ 0f>9. 

A'lfs'JAL CHAkGC PER :WSY~H0UP. E«?LAN'G AT SMALL STATIONS *: 3120. 
IF Tt\r. TOTAL COST OF THH SYSTEM Uc?^. RF.COVcIReD THROUGH UNIFORM CHARGF.S 
PL-R CALL-MINUTC I THF CMAPG^S WOULO Be (SCt FQOTNOTF 1, PAGf" 31: 

CriAi-^GE Pl^R CALL-MI.NUTE AT LA«JG? STATIONS $ 0.0<f 

CMAfJGt: PEP CALL-w. INOTT- AT SMALL STATIONS $ 0.34 
(irnj APPROPRIATE CHARGE [5 PAID BY BOTH CONVEP.SANTS ) 



*SU3-$YST5>1 PARAMETERS AND COSTS* 



TEMPERATURE « 

5 W 
2.) 



SMALL STATION: 

Atrr^NNA DlAMfcTER = 10 FT RCVR NOISf: 

POWER RATING OF INITIAL PC^'ER AMPLIFIER = 

f.\!TlAL INSTALLED CAPITAL COST (SriE FOOTNOTt 
LARG": ST4TI0N: 

A,jT'.-NNA CIAN"?TER = 20 FT RCVR NOISf Tf-MPC t-:A TURO = 

POWER RfiTIIJO OF IMITIAL PCW6R AMPLIFIER = 100 W 
INITIAL IMSTALLEO CAPITAL COST (SEE FOOTNOTE 2.) 
SATELLITE SEGMENT: 

TOTAL RATED SATURATED OUTPUT POWER PER SATELLITE 120 M 

SATCLLITE LIFETIME 7 YRS' 

KEOUIREO SATELLITE LAUf-^lCHES, IM UNITS, VERSUS TIM? (FROM LFFT TO 
RIGHT, SEGIN^JING WITH YEAR I OF THE STUDY PERIOD) 

200 00 0020000002 



350 OEG K 
$ 10905. 

97 OCG K 
$ 105300. 



TRANSPONDER GAINS (SF.t FCCTNOTE 3S) 
FOR L-TO-L CAPRItRS « 115,2 D8 
FOR S-TO-S CARRIERS « 124.2 OB 



FOR S-TO-L CAPRIt-PS - 113,4 D(J 
FOR L-TO-S CARRIERS = U?.4 OB 
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••'^•nOTN'OTf S TO SUMMARY* 



I. THf CHA.HGF 



PPll CALL-MI NUTF If/C-Ml IS CALCULATjrc USING THH FOL- 



i/C-^ = ( W.M!?.-Y)*(f;/(C-^!/M) )*(Y/L))«(n/H)''(Pht/Ah) 



W>Jj". -: ■t/-Mtlf}-Y = 
r./(C.-M/H) = 

0/Y ^ 



K/D 



TMv: iNV)i)AL {OP, PtEK-YEAR) CHAPGC ftp RUSY-HOIJff gRLAriG 
A f^C.r;1R TO CCa'V'^-oJ eRLA^JOS TO CALf.-y(N'UTe< 
P "P. !! Xl^ ( = 1/^.0) 

THf^ '-illMBLP or- ilUSY DAYS PfcR YHAR (^250) 
(THIS FACTCR ACCOUNTS TOR THE FACT THAT CN W^-CK'NDS 
AM!) Si-'Mr. HPi.iCAYS THt C^USY HOUR LOtP DROPS SHARPl y" 
F«nM ITS KCP^AL OUSIM£SS OAY LEVrD 

TM.T N .IMfinr. OP HOiJRS per ;)\y during which TM^ MAJOR ITY 
or- Ti'l CALLS AP.F MAOF (=8) 

TM': PATIO OF TMJ; OF F Li RE: 0 LOAD DUPING THH HUSY unUP 
{(^;JSY-H0UR ERLA,\0^), IN EHLA^GS, TC THF A\/PP.AGL- HiiUM V 
LOAD PCR S-HOUK DAY (AVfiRAOfc EP.LAMGS ) i IM rPLANGS 



2. Tu: C\P/TAL COST (IH h AR TH- ST AT ION SQUfPMHNT fKCHWS A VPLU.Mr prS- 

CUUV'V U*! VHfi SI N'0L6-I HiM COST OF U)CNTICAL ITEMS PUPCHASEU IN THE SAMfi 

Yr;A\. FOP M UMITS TM-- PATIO > OF THr: PSPs-UNIT COST TO THF SU)GL-"IT<-M 

cnsf rs! 

R = 0.92**( Lnr,(N)/L0G<2) ) 
V/HS V- D*fK'OTKS nXPOM!!.'IT lATION. 



3. IM THIS PA iXA GRAPH L STANDS FOR LARGt STATIONS AND S STANDS FOR 
SMALL STATIONS. THSR'-.FOR , 

A. T.IR L-TO-S CHA\'N'-:LS« whaNS 'THE QUALITY OF ALL CHAMNlfLS FROM A 
LA^^Gt SlATliJN rn A Sf'ALL STATION'. 

B. 'FUk L-TO-S CAP.RinPS* M^^ANS 'THfi GAIN OF TRANSPCMCCRS THAT HANOLP 
0-JLY THOS/: CARRIERS BEING TRANSMITTED FROM A LARGE STATION TO A 
SMALL SrATIOM*. 

(Tur PHRAStS USING L-TO-L, S-TO-L, AND S-TO-S HAVE SlVRAP MEANINGS.) 



^csr 



ERIC 
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*M A S'l \Ll S TA r [ ON nt T A SI '^ V. T 



TMf nr.MAMn crr-r^f-n ro a sm/^ll s tat nn pof'^ Sf:?ivtcc 

".^TTH ML L^'^GK ST AT T^MS liJKlMr, TH6 FIRST YnA!< THE 
STMICN IS IN nFF'JATID'J 

THE f'l-tJ.CF.-'U INCr:r:/SF Vs i)E>'uf'|-) (irFft>J:[) TO A SMALL ST^TIOV FC« Sr-f^VITf 
TO AU PTHCP ST/TiniiS nuf^IKf. EACH SUCCFFOING flN't-YhAt, PF.MOO 0 J- ITS S L^ 

vtrF Lirn (PROf left tp c^igmt, BtouNirc with the fihst year t^h sta- 

TICM fS IN CPFRAT IOM ) : 

11? iiy 11'^, n< lit lit iir, iv^. ni iiv. iif ii^ ir^ 



the HL'Vnff^ OF h!FW STATICIVS THAF BEGIN' «;ERVICF IN EACH SUCCELOIf.O YflA^'. lU- 
THE SriJCY PF.PlOn (FP.PM LEFT TO RIGHT, HEGINNIMO WITH YEAR 1)1 

?fC 20C ?C0 200 200 00 0 0000000 



INITT/L CAPITAL CCST PE". STATION 

INITIAL INSTALL AT IDM CnsT PPn STATION 

INlTIiL MSCFLLA-'IFnUS COST PER STATICIM 

IK'ITIAL INS TAILED COST PEP -STATION 



fiOO. 
I190o 
1090'>. 



■fA-^JTeNNA* 

nl AMETf P 

CAPITAL COST {WITH VOLUME DISCOUNT) 

(P.ASFO CN MOK-OI SCPfJN'TeOi SINGLE ITFM COST OF 
INSTALLATION COST 

ANfHI,*. I OFE'^ATICNS AflO MA T NT n.'iANCE COST 

Ml SrELlANFOUS COSTS 

ALLCHANCe FOP LANf AND RlMLOTnG 



10 FT 

63 't. 

100, 

180, 

4500. 



<'L0.^ NIISE :i£CEIVER* 



EOUTVALFNT INPUT NOISE TFMPHRATURE 


350 


DFG K. 


PP.E-A.'^P CAPITAL CrST (WITH VOLUME OISCflUNT) 


% 




(PASEO CM NON-l)I SCCUNTFD, SINGLE ITEM COST OF $ 


25O0, ) 




INSTALLATICM COST 


$ 




ANNUAL CPERATIONS AND M/ INTHriANCE COST 






MISCELLANEOUS COSTS 







(COMTINUED) 

J 



ERIC 
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v**1.(\Fr,r. STATION DATA SHUfT*** 



❖CIRCUIT o•:M/^^o and station cost figures* 

Tii^ ■\-.MA,-ir) OFrCrPdD TO A LAf^C" ?TA,T|nM FOR SERVICE 40.000 ERLANGS 

* Ml CTHiR LAPCr, SiATICKS CURING THE FIRST YEAR 
STi^ioN IS I.N OP^'JRATICN 

Jru ••^■/.rf-NT SNCRliA'sf? IN orMANO OFFfMED TO A LARG?? STATION FOR SEPVICF 
T|-i ..M OTM^R LARGF STATDNS DUOING fACH SUCCKfcDlNG ON{--YEAR PERIOD OF 
IT-; -f^sVlCe LIH'E (FROM l.f. FT TO RIGHT, n£GlN.NING WITH THE FIRST YEAR THE 
ST A '[-'in IS I'i riPfPATKJN) t 

IK U-^; 11^ lu; lU IVZ 11% ll« IVi U« 11^ n% 11% W 11% 

T'^- f-.-. lftNO r'-H!:RrD TH A LARGE STATION FOR ScRVICE WITH ALL SMALL STA- 
>! j;S r.M Ndr rtt' I MOEP E'lDENTLV SPECIFIED. IT IS CALCULATED SO AS TO Oe 
f r I BLii WITM THE O^MAMD CFFERED TO SMALL STATIONS FOR SERVICE WITH 
LAi'r, ; STATIONS. 



TW' ;'<jMrt;=R OP MfW STATIONS THAT BEGIN SERVICE IN EACH SUCCEEDING YCAR OF 
T.M.. STUjY PC-HinO (FROM LEFT TO RIGHT, BEGINNING WITH YEAR 1): 

222220COOOO00O0 



INir!AL CAPITAL COST PER STATION 
If>:f'fAL r^STALLATIO-N COST PPR STATION 
IK«irw.L MISCrLLAMEOJS CflST PZR STATION 
INI'TAL INSTALLED COST PER STATION 



% 82400. 
i 10200. 
% 12700. 
*> 105300. 



♦ANTENNA* 

DIA^ifiTER 

CAiMTAL COST (MITH VOLUMt* DISCOUNT) 

} (O'VSED ON NCN-DISCOUNTEO, SINGLE ITEM COST OF 
IfSSTALLATlCN CnST 

AfJ'i'JAL OPERATIONS AND MAINTENANCE COST 

MI :;rf;i.LANEOUS COSTS 

ALL'iWANCS FOR LAND AND aU ILCING 



$ 32000. J 



$ 



20 FT 
29440. 

6400. 
5760. 
64 00. 
18000. 



*LOW t^OISE RECEIVER* 

nO'JIVALENT INPUT NOISE TEMPERATURE 97 OEG K 

Pr.; -AMP CAPITAL COST (WITH VOLUME DISCOUNT) * 23000. 

(8ASC0 ON NON-DISCOUNTEDf SINGLE ITEM COST OF % 25000.) 

iN<TALLATlCN COST f 2500. 

A^flU'.L np(:ikATICNS AND MAINTENANCC COST * 6250. 

MISCELLANEOUS COSTS * 5000. 



(CONTINUED) 
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':'I'0WI;K A>1|">|. I F1 CRS and CMA">i>JtL CAPACITY* 

^'.^r\' OUTPUT (>owi-p. tiiirrAi. \->rvif{ AMPifFii-k 

r.vPiTAl. C.r.ST {v.'ITH VII.UM- ') I SC.OUf ! T ) 

(^iAS'^o ,)N NciM-oisc JUNTrn, sfV'C.i.i: it-.:m cnsT or. i 

Ifi^.TALLATin.X' COST 

.\f;i..'AL OPr>ATI()i\S A^ID MAnjTf:NANCH COST 
M I l.L^titfHJb COSTS 



l?000. ) 



4 



100 W 
11960. 

i i «'(< . 

noo. 



Mtr FOLlOV-ilNG TAKU: SUtJWS THl NUMRKR OF f.'iiW STATIONS THAT BflGIN 

si:i-vrch: at thh first nr yhar u cf the stuoy perioo, the f.'dvpRR of 
ciiA"r..-t.s f!f c.ij[h-[) at th- ftps.t or ytap. t of thp. study iiy a sTATinr: 

f'l/- nr^Gf^S it-^VrCt: /".T THC first of YI:AR U, ANO, WITt- am ASTf-RlSK, THt- 
SMU'-ATcn OUrPUT POWER flATINS OF THE POWER AMPLIFI!=R RFOUl'Tn to HANDL-" 
TH.. A SSi"'CIAT::0 NUM3i-:f< OF CHAMNi:LS 



U: 


I 


2 


0 : 


2 




: I 


1 0*1 










2 


122 










3 


1 39 






100* 




€ 


1 ^ ^ 


J. i ■/ 




300* 


} 00* 


5 


16 7 


130 




300* 


100* 


6 


lai 


143 




300* 


100* 


7 


196 


158 




300* 


300* 


0 


?.13 


174 




300* 


300* 


9 


232 


191 




300* 


300* 


10 


253 


211 




300* 


300* 


11 


277 


233 




•300* 


300* 


12 


303 


2 53 




300* 


300* 


13 


333 


286 




300* 


300* 


14 


366 


317 




300* 


300* 


15 


''t03 


351 




300* 


300* 







c 
? 


Cm 


C 


•J 

c. 




rt 

V 


/\ 




n* 


Oil 


n 












13 ;> 




V 


1 no* 


n* 


nit 




7Q 


u 


100* 


100* 


n* 


107 


89 


73 


100* 


100* 


100* 


119 


too 


84 


100* 


100* 


100* 


133 


U3 


96 


100* 


1()0* 


100* 


148 


127 


109 


300* 


100* 


100* 


164 


142 


123 


300* 


100* 


100* 


UI3 


160 


140 


300* 


300* 


100* 


204 


180 


159 


300* 


300* 


300* 


227 


202 


179 


300* 


300* 


300* 


253 


226 


202 


300* 


300* 


300* 


282 


253 


228 


300* 


300* 


300* 


314 


284 


257 


300* 


300* 


300* 



o 


7 
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n 
\J 
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0 








n 
yj 
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/I 

u 
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u 
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u ^ 
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A 
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0^ 


u ^ 


VJ ' 
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0* 


0* 


0* 
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0 
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0* 


0* 


0* 


0 


0 


0 


0* 


0* 


0* 


0 


0 


0 


0* 


0* 


0* 


0 


0 


0 


0* 


0* 


o« 


0 


0 


0 


0* 


0* 


0* 


0 


0 


0 


0* 


0* 


0* 


0 


0 


0 


0* 


0* 


0* 


0 


0 


0 


0* 


o-> 


0* 


0 


0 


0 


0* 


0* 


o« 


0 


0 


0 


0* 


0* 


0:< 
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*«*iMLLlI7^ S^GMFMT DATA SMELT*** 



*t HtlPNrNT SPPCl F ICATIOMS* 

SA rri.LITf: L if !:TIME 
A.^nf;MNA rtEAMWIOTH 

RfrC'HVF.R FQUI VAl.fNT INPUT MO!S£ T6MPt;RATURS 
<<PC"lVr: fi/T, AT P«AM CEMThR 

TlUAI. RATT-D SATURATt'D OUTPUT POWi=Rt P HR SATtLLlTE 



7 Yf(S 
7.0 X fJ.O DC-r; 
1?.00 r>KC K 

120 W 



TkAfjSPONOFR GAINS ( TUf GAIN OF A TRA'JSPONDER IS OeFTNfO Hb'Pf^ AS TMf: 
RAT If- or JWY: PnWRR PHR CARRIER AT THi-= INPUT TO THH TRANSMIT ANTfMMA 
TO TMAT AT THE OUTPUT OF TH>; PECEIVH ANTENNA!: 

T9.ANSP0NDPRS FOR LAROt STAT I ON-TO-L ARGC STATION CARRIGRS ll5'-.2 Or> 

T'-AMSPONOtRS FOP SHALL 5TAT lON-TO-L ARG'T- STATION CARRIGRS 113. '^ m 

TRA/ISPONDERS FOK LARGE ST ATI CN-TO-SMALL STATION CA^RItiRS 12'f.2 0^"^ 

TRANSPOMOtRS FOR SMALL STATION-TO-SMALL STATION CARRIERS 122. Dfx 

IN-ORBIT RATED SATURATED OUTPUT POWER REOUIREHENT, IN WATTS, FOR PJSM 



Yl=A« OF 


THc STUDY 


PERIOD 


( FROM 


Lf-PT 


TO 


RIGHT, 


BEGINNING 


WITH YFAR 


1) 


TOTAL 




A 9 


53 


60 


65 


68 


72 


76 


80 


85 


9C 


96 


102 110 


1 Ifi 


L-TO-L 


0 


1 


1 


2 




4 


5 


6 


6 


7 


8 


9 


10 11 


13 


L-TO-S 


5 


8 


10 


13 


15 


16 


18 


20 


22 


25 


27 


31 


3A- 3fi 


42 


S-TO-S 


2 


3 




7 


8 


9 


11 


' ■> 


13 


U 


15 


17 


19 21 


23 


S-TO-L 


0 


0 


0 


0 


1 


I 


1 


I 


1 


2 


2 


2 


2 3 


3 


TV 


36 


36 


36 


36 


36 


36 


36 


36 


36 


36 


36 


36 


36 36 


36 



THE OISCOUNTED NUHBcR OF WATT-YEARS OF EACH CF THP AeOVC: PCWCP. Pf^OUlR'^- 

MENTS (NORMALIZED TO 575, THE NUMBER CORRHSPONO I NG TO THE TOTAL POWER 
ReQUIP.EMENT) s 

TOTAL=1.000 L-Ta-L=0.l29 L-TC-S=0.014 

TV=0.53B S-Tn-S=0,074 S-TC-L=0.244 

RKC'UIREO SATFLLITG LAUNCHESt IN UNITS, VERSUS TIME ( FRCH LEFT TO RIGHT, 
BCGIMNING WITH YEAR 1 OF THE STUDY PERIOD) 

20000 0 020 00 0 002 



*COSTS* 



SATSLLITE DEVELOPMENT COST 

IN-OPBIT COST PER SATELLITE (NOT INCL. DEVELOPMENT) 
TOTAL PRESENT WORTH OF SATELLITE SEGMENT 



0.0 $M 
16.0 {" 
71.3 *M 



i 

! 
I 

O 
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■ n I .' *. CM " 6 

P' T ;mv-0 I ' t^r-/ A*; [• M PHI Mr Ar, Sf:'-".1M'^C'J l).*? pf^ 

" A tM I ,:<;<; (--,1 f f rr.T*i"Tr ) , u 7 uii 

f'Mll M'.SS ?A)0,l OB 

'■. MM IMTl- i,/T -2.'* 0I» 

I r «;s ''j-rrJM ?(!N .'.r i-ih' -u am t:nr.r; 3->o dp 

f ' n r/i -I? 1 .9 t)B 

' f.i- ."/^ vnv. I OT J- ( ; 1 «o K H / 1 3. i> 

•■MM. f / ^VmN.N* S rnN<;] /ifil -?^?fio6 DOW 
UI>--lM.''X C/M 13.3 P»= 

'-.fP^NO ^'M'>F f^ov INK rrifKMAl. ^lOISF: i'^'-S^^/ PWPO) 



OAf.- M"- A rr iit^UM I CM I;i.JF TO Ji>-lMMf< RAiM LPSS 1.7 OH 

C/I 15.3 O'l 

( i AS f.fV. \o "orsF F'Tiy i'iTF,''i(.iuui/^r ION Disro'^r inf'-j i65ii pxpo) 



':<DOWN LINK* 



pnir.t-^' ?T i!^ rf,V P.'PI/T 




UtJW 


AMf^'v.* GAIN 




DB 


less pro T^^A^S^MSSTOM at ^-C< liOAM IDGF. 


3. 0 


DrJ 


PA 1M 1 f;ss 


106,0 


OP 


''AT. f PSS ( SFT: FCiPTtiPTfi ) , 


o.n 


DB 


A 1 H r IC'^ FPC'-' IIP-IMMK '<Alll LOSS 


U7 


OB 


POr'M'iG rV-^PP ANT iTMISPHrUC AnSORPTICN 


0.5 


LIB 


t Af^ i: - nr/' r inM n/r 


13. 7 


OP 


Of- (•'At: ,".7 I nh ni G/l ilt/f TO C']V<fl-LlMK RMl LOSS 


OoO 


Dh 


nfV,.f -! Tf-K C/T 


- 1 7-1 . 


OB 


HP 1<. r .'^ANDW T!)rH (?1 .0 KM/. ) 


/f3. P. 


OD 


PPl r,':'ANN'«$ CP•^1STA^!T 


-220. 6 


OPW 


Onv^-LUK C/K 






(-Ar,n"AMn npisf. pptm n^n•!^i-l uik thrR'^m Nnisc-: 




PViPO) 



* SYSTEM* 

SYSMf/ c/K ^cn!^^i\^]r.(, mi: A-^:jvr Rf^suLiS) 7.5 of\ 

mC fM.ALirV nr - THI- rPANNrL is such that total BASFf'./.KO MOISE, 

in n r wcpst casf. wli. iior F.xccf-D 9')C98 pwpo 

irvr sLv OF Ti<r cr\Tt fii'iTroNS f:nrro apcvf and an /^llow- 

AtlCf^ 01- 70GC PWPO FPa'-l fl\ OTHER NCI St SC'UPCES. ) 



FfiOtunrR: IT rs ASSJMFO TF-AT RAI.-J LOSSF.S will not occur SlMUl f AMFOtlSlY 
OM (iPTH T>-£ UP Ll.^K AMD THF DO^'fl LINK. flASFf) ON MAXIMUM LOSSF.'S (NOT 

FXCf-Fi;eu 9<)'y, or THf timf) of 1.70 ub and i.oo or, Rts"ErT ivfly , thf 

PRCC.t'AM HAS DPTF.rviMFC THAI RAIN LfJS.S !N THF UP LfMK !S ThF "ORF DtT- 
•^I^FMIYL TO OVCKALI WAIIfV. (OF COORSKi WHHM f^AIM LOSS OCCURS IN THF 

l»NK, THIS SIMf OlMIfRIAT IGIJ tM CAfprtR PCKER CARi-IFtS OVFF', THPOUGH A 
IINFAK TP.AMSPONDi:^. TO TMi: DOWN LINK AS WriL.) 



ERIC 



U.' : { fiy. rf N'J A f'lPIlT 
' ; r I !'•• \ f; V ( 

■''« f i t t:ss ( si=F ror f;!'!!!^) » 

P'\ f.t t ;';SS 

L(:s^ r(«'> f}.ccf'TTON >r ^-d-j Mt'^^m rnr.F 

'il!J Sf I .*> (;w!^T^- ( oO KH/. ) 

'f-HL V,'.'' ^^^ 's r'^NST<: ir 

l!J»--l{M< r/!.t 

ciAsrpANT MOTsr f-f^nM up-lkiK TneRMAi nnist-': 



-7 ,6 or-.w 

^►?.6 0" 

fj.'3 (ir 
0.0 

/'JO. I 1.1 

ar^ 

3.0 i<-' 

-170.'; f)"^ 

'f na 



'"/r (i fTf- 6 lUf Of- ^ijTPijr ('ArK)Ff-) 17,0 m 

r-' p-. t 11.' / frFMjATir;! wi rn ijp-lmk n,\\i] loss 0.0 or 

r/ I 

I Asf:ti;..vf) h:nisr I aov rjri:f-w'Biji.AT!oti oistcp.ttom: ui67 pupo> 



1 7» 0 



PdV.fnn AT AMTt'iM'i [f'PlIT 


-26, r 


i)R Vi 


A.'.iriM'JA 


?n. <f 


orv 


Lf'SS i-CP r^'.K'S^lSSlPN AT 3-n4 (IFAM i:OGf- 


3, 0 




PA r'< j.nss 


190. 6 




Vi 1 f.'S'i ( SFF i=nrTMnrp) , 


1.0 


Oh 


-'. r T r-i-ij A T I TM f-p ijf> -1. 1 ^!^'. « /•. i n l us s 


0.0 


Dli 


i'tMfiMiNC. vnorjo AI MnSPFi">. IC Af^SORPTlON 


Go 5 


0'^ 


rii-s f A T roM G/T 


25.7 


OB 


MifG'Ai:Ar'0'i in g/t niip to ;)h<M-LiMK rmh loss 


2. I 


m 


f^'jV.N-l. tNK C/T 




OR 


\' (1 f SF ;•• AN i; W T HT h { i 1 . 0 KHZ) 


■Vi,A 


DO 


ftiai /;^^^^'S CONST. «NT 


-220.6 


rjp w 


I>(K-.'.!-l. INK C/N 






{•i'sfnA-go NOISE r(?(:»? u'Wii-t imk thfr mal noise: 


61235 


PWPO) 



9.6 



* SYS TOM* 

svsTrf> c./'i (cnMRiMijc. TMF ■^Knve rf suits ) 

TMF CUAI rrv OF THF CMAM.MrL IS SUCH THVf TOTAL BASFQAMD DISC, 

f.'j Tuf- '^r>sT CASfi wTLL MOT Gxr.r:F:n 

(TI F sijw IF THF cnNfPirijr lOMs NOTtt) a:k:vf amo an alloh- 

AisCF 'iF 7500 PWPO F-^OM AIJ. OTHHP. N JISF SOU'^CF.S, ) 



90995 



rncT;>;rrE: it is assukho that rati«j losses will not rc.cu^ s i wltanfous 

nri r\nTH THF UP LUK AMI) TH. DOWN LINK. BASED ON MAXIMUM LOSSES ( NfIT 

bxri Frfc <;9'>: OF tfd time) of 1.70 db and i.oo dd, ^espfcttvfi y, the 

yppr.PAM F£S CFTFP'Mf^rn THAT HAIN LOSS IN THE OOWM LINK IS THE Mfiftn Dl" 
^IIMFNTAL TO OVEr<ALL OUALITY. (OF C1U".SE, WHEN RAIN LOSS J'CCIK' S IN TH 
UP LlfK, THIS S/MH OIMINUATION IN OAO^flER PCWER CAP.P.IES OVEP, THPOUGI' 
LI.\FA-< TRAN)SPON0E«?, TO THE DOWN LINK AS WELL.) 
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"UP LIMK>'' 

flOfi' ■> AT Ar.r •.■iA P'Pijr 

^>\'r l.OS^ (SiT. F'-'OTHort J , 
PAi't l.05;<^ 

SAi I.I t rf r 

Lf-"?*. f- 1^ <?cC.:.;(»r ij'i AT 3-nL' eGAy fOGP 

UI'-l-i-lK C/T 

fJ'H tHvi()vIt?TM KH7. ) 

f>'IL "/ "^\!|';' S ^'•'^;ST^^;T 
U!>-I.! -'K C/M 

( ;..^'■:;..3^^:lj 'liJESv FWQv UP^Lt^;K THf-:RMAL NlilS'i 



- 1 1 . .1 






DM 






1.7 


on 


200.1 


DP 




OP 


3.0 


DH 


-170.0 


on 


^5.0 


on 


-22« .6 





2^2'+ PWPO) 



*r.^^vvi f f.-TO-SA ft IL !TfT If iTfPMOOULAT [ CN NO IS!: PATIC* 
i;/J (.MTM A l^- tuirplJT oACKOFF) 17.0 OB 

CAr-'i f; ATi i: iiJATTlr, O'jl: TO tJP-LIT'K RAIN LOSS 1,7 OB 

C/f 

(-i^J'f'^Afin ^JTS- ^^RO'-* n'iT:iqwonUL,*TlOiS OISTORTIONJ 1649 pV/I>0) 



15.3 0*^ 



''OCWN LINK* 





■> AT A.NT.'fJ IA ir,i>UT 


-22.3 


DBW 




28.4 


nn 




Koi^ Tf'.AriSiMiss lofi at 3-cr "j;am socr 


3.0 


Dft 


PAT 


< LOSS 


196.6 


OR 


P AI 


•; Lf^SS { S': :■ H^MTfJf.lVE ) , 


0.0 


CB 


ATT 


.mJATTO'"! f-'^-.IM IIP-LIMK PAIN LOSS 


I .7 


OB 


PI!,' 


""(flG fc'f'RCP »'N0 ATMnSPHERtC ACSORPTIfJN 


0.5 


OR 


-rA^ 


"M-STATIilfi G/T 


25.7 


OB 


nn, 


•'AOATION lU G/T DiH TH DCWN-LJNK RAIN LOSS 


0.0 


OB 


U'V/. 


•LIMK C/T 


-170.0 


OB 


n:u! 


i - tV.N'nwiOTH (38.0 KHZ ) 


45.8 


oa 


fi<)[ 


■■/.'•IAIN'S C. Of] ST AM T 


-228.6 


DRW 


onvi 


■;-LIMK C/.N 






{ 


:»''.SrBANn fiOr^C Ff?OM OOWN-LINK THERMAL NOlSfer 


2924 


PWPO) 



12.8 OR 



*SYSTEM* 

SYST- f? C/M (CGMOIMMG Tur ABOVf? PTSMLTSl 

TH- OiJALlTY iW THE CHAf-MEL IS SUCH THAT TOTAL DASEBANO NOISE, 
(N THi: WORST CASl, WILL MOT EXCirO 

(ifi« S'.iM OF T'U: COflTRJAUTlCNS h'OJYO ABOVC; AND AN ALLOW- 
(^liCf. 2500 Pv^PO FROM ALL OTHER NOISC SOUKCGS,) 



7.5 Ort 

0997 PWPO 



rOUlNOTS: IT IS ASSUMcP THAT r?.AIN LOSSES WILL NOT OCCUR S IMHLTAMCOUSLY 
ON ^-iOTM TH.: UP LINK <5NiO THt HOWN LIMK. BASliO ON M^XI"UM LCSSt'S (NOT 
RXCtlCnUO 991: of the TIMTJ of 1.70 08 AND 1.00 DOr SP ECT I VFL Y , ^H«^ 
PRPGi- AM HAS OrT^^FMIN 'iJ THAT PAIN LOSS IN THt UP LINK IS TH'^ MOP F O'^T- 
fUM. f-TAL T.J ^Vf.P<^,L^ 'JHALITY. ( Cr COHRSE, WHEN PAIN LCSS CCCHRS IN TMr 

PDir' ^^'^^ '^^'^^^ PIMPIHAT ICN IN CAPRIhF POWfR CARRIES PVSt:., TH:?0UGH A 

Ll^i; TP.ANSPG'Jin-R, ro THb CCWN LINK AS WcLL.) 
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PUKI.'P. AT ANTl.NrM [MPUT 




-12.0 








4*9.1 






PIC ABSOf^PTIOM 


0.5 


03 


^Mli LOSS { Stc FCOTNUTK ) , 




1.7 




MATM LHSS 




200.1 




SAT^•|.LIT>f G/T 




-2. A 


DB 


LOSS r-Of^ fi'ZChPTtOM AT 3-De 


ef-AM F.DOS 


3.0 


OB 


UP- LINK C/T 




-170.7 


CO 


NOISH iV4ND/JI0TH <2l.O KHZ) 




43.2 


OP 


liO«.TZMAM.\' S CONSTAMT 




-228.6 


DBW 


tlP-LI.MK C/M 









{l3ASi:aAN0 NOISE FROM UP-L INK THPPMAL NOlShJ 10996 PWPO) 



14.? Df 



*CARqUR-ro-SATf:LL ITF iN'TrPMODUL ATI ON NOISF RATIO* 
C/I (WITH h DB OF OJTPUT BACKOFF) 17.0 OB 

CARkfr.R ATTPNUATTON 0[)E TO UP-LINK RAIN LOSS 1.7 DB 

C/I 

((1ASn3ANr> fvOISF. F'-^OM INT c'J.MOOULAT I ON OtSTOPTION: 16511 PWPO) 



15.3 D( 



*DGWN LINK* 



P0W«:R AT ANTf-NNA INPUT 


-15.7 


OBW 


tHX^.f:-U. GAIN 


28. A 


DB 


LOSS For> TRANSMISSION AT 3-CB BEAM EDGE 


3.0 


OB 


PATH LOSS 


196.6 


DB 


RAIH LOSS (St 6 FOOTMOTE), 


0.0 


OB 


ATTtNUATIOW FROM UP-LINK RAIN LOSS 


1.7 


OB 


POINTING (rRROR AND ATMOSPHERIC ABSORPTION 


0.5 


OB 


EARTH- STAT I ON G/T 


13.7 


08 


ntORADATlON IN G/T DUE TO OCWN-LINK RAIN LOSS 


0.0 


08 


Onwfl-LINK C/T 


-175.5 


DB 


NOISF BANDWIDTH (21.0 KHZ) 


A3. 2 


OB 


B0LT7.MANN»S CONSTANT 


-228.6 


OBW 


OOWr.-LINK C/N 






(BASF6AND NOISE FROM DOWN-LINK THERMAL NOISE: 


56988 


PWPO) 



* SYSTEM* 

SYSTFM C/N (COMBINING THE AfiCVE RESULTS) 7.5 Df 

THI: QUALITY OF THE CHANNEL IS SUCH THAT TOTAL BASEBAND NOISEf 

IN THE WORST CASE, WILL NOT EXCEED 99995 PWP( 

(THF. SUM OP THE COMTR I BUT I GNS NOTED ABOVE AND AN ALLOW- 
ANCE OF 7500 PWPO FROM ALL OTHER NOISE SOURCES.) 



FOOTNOTE: IT IS ASSUMED THAT RAIN LOSSES WILL NOT OCCUR S [MULTANFOUSLY 
ON BOTH THr: UP LINK AMO THE DOWN LINK. BAStO ON MAXIMUM LOSSfiS (HOT 
EXCEEDED 99% OF THE TIME) OF 1.70 OB AND 1.00 OB, RE SP ECT I VEl Y, THE 
PROGRAM HAS OETERMIN^O THAT RAIN LOSS IN THE UP LINK IS TH^ MORE DET- 
RIMcMTAL TO OVERALL QUALITY. (OF COURSE, WHEN RAIN LCSS CCCURS IN THE 
UP LINK, THIS SAME OIMINUATION IN CARRIER POWER CARRIES OVER, THROUGH A 
LINEAR TRANSPONDER, TO THE DOWN LINK AS WELL.) 



ERIC 



A-167 



< 

H 

c 
o 



o 



ct ^ 

so 

p ft 



o 

CO 

p 



ct 
H O 

ft 

< w 

fi0 ft 

H 0 
H. B 

a f> 
o 

O H- 

B <g 



ft 

o 



ft 



0000000000-4 

Oooooo^^do 0 
ooooo90ooor> 

M »- »- W ^ 
^ \^ >^ O ^ H. 

??????????? 

Oooooooooo 

Oppppppppp J 
oooooooooot* 

PPPPPPPPPP3 
ppppppopppS 



S 5. P 

H ft V- 

c t> 

0 

o o 

" ? 

ft H 
O 

o 

D rt 
rf H tJ* 



to 

I 



(0 u 



ft H- 



ft H- 



i 



ft 

2. 

ft 

< V) 
tD ft 
H 
H- 

o 
a 



o 
o 

8 5 

H' H 
ft D 
W ft 

o o 

rr (ft 

S ft 

B o 
ct 



M ^ »-« M 

M M M 
MM M M 

yj^pppppooK 



-•Total system cost 
(w/o Guxillnry st 

-^-Ist loop variable 

2nd loop variable 
— 3rd loop variable 
—•4th loop variable 

"••Sth loop variable 
— 6th loop variable 
— st*n anterma dia. 



M 

?????rr?P^ --st*n noise temp. 




-total sat. segment 
cost 



— total power amp, 
cost for host st'ns 



Bm o^jy oil -9 — output pwr/ch for 
p.N^l>oUV>t-*ch host-to-host con- 
nection (up- link) 
pSSSc;!5S^35 —output pwr/ch for 
mm!!m!;"^mZ down-link h-to-h 
55Ss555S^3 —h-to-h xpndr gain 

SfiSpSp^n? --output pwr/ch for 
tirj^liolftd»V h-to-aux. connection 

^ (up- link) 

^^wjjw^i —output pwr/ch for 
oo'O'Oooooo down-link h-to-aux. 

SSHSSKSSSS — h-to-aux, xpndr gain 

oOooooooOm 

ppppppppp, 

OOOOOUOOW 
00000000*1 

oOooooo> 

pppppppppj 
ppppppppp^ 



A-168 

ATTACHMENT XI* 5 
The Point Reyes Station Tests 

The Point Reyes station was designed to work with the Anik 11 
satellite, the satellite characteristics, ground station characteristics/, 
and test results are given below; 

a* Satellite Characteristics 

The following characteristics were obtained from Don Weiss of 
Telesat Canada. We were referred to him by Barry Murphy of Telesat. The 
information was given in terms of power flux at the satellite necessary 
to saturate the output amplifiers, the saturation output of the amplifiers 
times the antenna gain (EIRP), and the gain characteristics of ;i typical 
amplifier. The information is unofficial, i.e, accurate but not legally 
binding, and should not be credited to Telesat, 

The information given is for Anik II, the backup satellite. The 
saturation flux at the satellite varies with the channel used since 
antenna gain is a function of frequency. It is also a function of 
position of the stations in Alaska. 

Saturation Flux for Anchorage 

Channel 1 -81.5 dBW/M? 

Channel 5 -83 dBW/M^ 

Channel 8 -82 dBW/M^ 

Channel 12 -82 dBW/M^ 

The saturation flux for the rest of Alaska except the Aleutian 
areas is no worse than 3 ^ greater than the above figures. 

These saturation fluxes will result in an Effective Isotropic Radia- 
ted Power (EIRP) in the direction of Anchorage as shown in the following 
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table : 



Saturated EIRP for Anchorage 



Channel 1 33 dBW 

Channel 2 3^4 dBW 

Channel 6 3^,5 dBW 

Channel 7 33 dBW 

Channel 11 33,5 dBW 

Channel 12 314 dBW 



The satellite transponder behavior below saturation is described 
by the following table. This information is for a typical channel and 
may vary some from channel to channel. 

Transponder Characteristics 

Input Relative to Output Relative to Gain Relative to 

Saturation Level Saturation Level Saturation Gain 

0 dB 0 dB 0 dB 

-5 -1 dB +U dB 

-B dB -2.9 dB +5,1 dB 

-10 dB -l|.6 dB dB 

-IP, dB -6.6 dB +5.li dB 

The Satellite Transponder Gain in dBW/dBW/M^ Is ^'ound by dividing 
(subtracting in dB) the Saturation Flux from the Saturated EIRP for each 
transponder. The gain at 5 dB away from saturation is found by adding 
dB to the saturated gain figures. 

Satellite Transponder Gain Anchorage 

At Saturation 5 dB below Saturation 

Channel 1 III1.5 dBW/dBW/M^ 119.9 dBW/dBW/M^ 

Channel 12 II6.O dBW/dBW/M^ 121.1+ dBW/dBW/M^ 
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The Satellite Transponder Gain for the rest of Alaska except the 
Aleutian areas is no worse than 5 dB less than the above figures. 

It should be noted that these figures are for a satellite slew 
angle of 1-37^ West, the satellite pointing being set that far from the 
suborbit longitude of the satellite. Better Western-Alaska performance 
can be obtained with a larger slew anglo. This would need to be inves- 
tigated relative to Canadian customers on the East Coast and the impact 
on satellite operations. 

The gain at Atka in the Aleutian Islands is about 3 to 5 dB worse 
than the rest of Alaska; however, this information ts very approximate. 

Negotiations, not yet completed, call for RCA to use transponder 
12 and Amsat to use transponder 1» 



b. Ground Station Characteristics 

The communications services required between Alaskan medical 
centers and health aides in the villages are described belr»w: 

At each village is a single voice channel transponder » The 
• equipment is of the simplex variety (push to talk) and can 
monitor other calls through the satellite using the same 
satellite frequency. Its transmit and receive frequencies 
are fixed and can be changed only by a field modification. 
Power is from a 2^ volt automobile battery recharged 
periodically by local electric generators. 

At each medical center is a voice transponder similar In 
every way to the village transponders except that it can 
be switched by mechanical switch to work on one to four 
Satellite channels. 

Initially, all stations will use a single 2'i-hour/day 
Simplex channel on Canada's Anik satellite. Routine 
traffic from different service areas would be assigned 
to different hours of the day. As requirements exceed 
one channel, additional channels would be added with 
different service areas being assigned to different 
channels , 
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Each station is to be equipped with an emergency interrupt 
function. Wlien the button is pushed n recognizable noise 
is to be heard on all receivers tuned to that channel even 
if some other station is transmitting at the same time. 
When the channel is cleared in response to this signal^ an 
alarm will ring at the medical center. 

Under normal conditions, the circuit is to provide a toll 
quality service, TT/N of kO dB or greater. Under worst 
case rain and pointing error the system is to maintain 
"intelligibility excellent" (13 to 16 dB SNR). 

To meet these requirements, the station consistf; of a 30 watt 
amplifier, a 10 ft. diameter antenna and a preamplifier with a dB 
noise figure. The channelizing equipment uses threshold extension 
and compandering to meet the performance requirement under normal condi- 
tions. The station is designed for a fixed transmit frequency at 6 GHz 
and receive frequency at h GHz. The station's 6 GHz transmit polarization 
is linear and parallel to the polarization; the k GHz polarization is 
linear and parallel to the equator. 

The link calculations. Table 1, are based on a worst case satellite 
transponder gain (IIU.9 dBW/dBW/M^). 

Atka^ on the Aleutian Islands offers a special problem. It is so 
far off the beam of the satellite that an added 1+ to ^ dB loss will be 
incurred in a communication between Atka and a station in central Alaska. 
Detailed estimates are still to be done, but initial indications are 
that Atka could be served with a 15 ft. antenna at an added cost of 
$3jOOO to $5,000. 

For the test, transmit and receive frequencies were set so that the 
station operated in a simplex mode (it was set to receive its own trans- 
missions through the satellite). A production model would be set for 
simplex operation for Alaskan health service uses and duplex for normal 
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Table 1 

Station Link Calculation 

The link performance calculations for an "optimum" station are 
performed below. The calculation uses Transponder 1 for all Alaska 
except the Aleutians. £114.9 DBW/DBW/M^j . Two conditions are 
estimated, one with no rain loss and station pointing error, the 
other with these losses. 

LINK PARAMETERS 



Uplink Frequency 6 GHz 

Path Length to Satellite A1173 km 

Downlink Frequency 4 GHz 

Satellite G/T On-Axis -7 dB/Deg K 

Satellite Intermod Relative to EIRP -15 dB 

Satellite Transponder Gain 114.9 dB/dB/M^ 



LINK CALCULATIONS 



With Without 
Loss Loss 







14.8 


dB 






10 


ft. 






43.0 


dB 






1.5 


dB 








dB 








dB 






-107.0 


dB/M^ 


C/kT Up 




74.6 


dB 






7.9 


dB 








dB 








dB 






.8 


dB 






525 








570 








39.5 


dB 






11.8 


dB/*K 






50.7 


dB/Hz 






20 


kHz 






58 


dB/Hz 


C/kT Total 




50.0 


dB/lIz 






20 


kHz 






7.0 


dB 






3.4 


kHz 



Approximate*Voice/Nolse Ratio 12.3 45 to 50 dB 



*Equivalent subjective signal to noise ratio 
of a compandered circuit with the above C/kT. 
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telephone uses. In the demonstration two push-to-talk microphone 
speaker sets were used to carry conversations through the satellite. 

c , Installation 

Records were kept of operations that would be needed in normal 
field installation. Ground preparation and setting of ground anchors 
to hold the wooden mounting beams require approximately one-half day. 
Assembly of the antenna and mounting it on the beams required three 
hours, (see Fig. l) . Installation of the electronics antenna pointing 
and final checkout required less than three hours. Ground preparation 
and install ikOn of electronics depend on local conditions and on the 
building that will house the equipment. 

The antenna was transported to the site in the back of a Volkswagen- 
type van, about half filling it, A gasoline-powered post hole digger 
was used to set the ground anchors. Only hand tools were used to assemble 
the antenna. 

d. Performance 

The link calculations (Table l) were confirmed within approxi- 
mately 1/2 dB on the uplink and 1 dB on the downlink by the end of the 
tests. During the check out periods several deviations from specifica- 
tions were Identified and corrected. These are discussed below in the 
section '^Test Deviations.'* 

At the nominal link performance levels, signal-to-noise measurements 
were made and tapes obtained through the sa The system uses com- 

pandoring, a technique to optimize link characteristics for the human 
voice and ear. The subjective performance of the link was equivalent 
to a test-tone-to-noise ratio of l|5 to 50 dB, i.e., toll telephone 
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quality. Copies of the audio test tapes are available upon request. 

To test data transmission^ a punched tape, was made on a model 33. . 
ASR teletype and played through the tape reader to a Prentice P103-0rig 
modem. The modem was recorded on a Sony TC-I4O cassette recorder. The 
cassette was taken to Point Reyes and played through the satellite chan- 
nel during the tests. The received signals were recorded on another 
cassette which was played back through Prentice P103-Ans modem to xhe 
same teletype that was used to make the test tape. Thus, two small 
cassette tape recorders were Intermediate steps for the signals. The 
audio level fed to the recorder in making the test tape and the level 
fed to the answer modem were checked and adjusted to be normal for the 
equipment. The TTY speed was 10 characters per second~110 band nominal. 

The copy--2l4 lines, 1772 charactGrs--was error free. See Table 2» 

e. Test Deviations 

For the Point Reyes, California station the Anik II satellite 
has performance characteristics equivalent to those for Anchorage, Alaska. 
This is about 5 dB better overall performance than the station will meet 
on the west coast of Alaska. For this reason and because of the very 
tight time constraints (from go ahead to demonstration was less than two 
months), manufacturers were allowed to deviate from nominal performance 
specifications if they could clearly identify the deviation and the 
ability to rectify the situation in production uints. There were three 
instances of such deviations and four other deviations that were correc- 
ted during the courae of the tests. The three uncorrected deviations 
were : 
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Anik rrv Test March 4, 1974 
Setup: Original Antenna 
C/N: 8.4 db 

Received copy: 



Table 2 
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(1) In the audio portion of the station, some energy from the 
internal power regulator leaked through the circuitry, 
giving a test tone to quieted noise ratio of about k3 dB, 
rather than 55 to 6o, This 'Tium" source is easy to 
eliminate in production. 

(2) The receive ahtenna gain is about 1 dB lower than specification 
because of connector and line losses incurred in the feed 
design used to meet the needs on such short notice; the 
receive feed is taken from the antenna focus rather than at 
the base of the waveguide feed as is common in production 
units. These losses would not be incurred with production 
feeds • 

(3) Some losses (less than 1 dB) are incurred in the cabling 
and connectors used to connect antenna to antenna-mounted 
preamplifier. These losses would be minimized by elimina- 
tion of unnecessary cable lengths and connector interfaces 
in production models. 

The four deviations corrected during the tests were: 

(1) The TOTA, power amplifier, being rented for the test had some 
intermittent problems and was returned to the factory for 
repair* For a week, an amplifier with one-half the power 
rating was used as a substitute until the higher power unit 
was returned. 

(2) In the earliest tests, a receiver filter was not sufficiently 
narrow to reject image noise, decreasing receiver sensitivity 
by 3 dB. This was rectified by the second day of tests. 

(3) During the teletype demonstration several runs used signal 
levels that over drove the modulator causing distortion 

and resulting in errors. This was corrected by using proper 
drive levels* 

(h) The antenna used during most of the tests had an assembly 
intolerance that caused approximately 3 dB loss uplink and 
2 dB loss downlink. The error was apparently due to the 
rush of the tests and would have been detected and corrected 
under normal production schedules. The antenna was replaced 
by the manufacturer by the end of the tests and the nominal 
performance obtained with the new unit. 

During the demonstration to government and industry representatives 

on February 23^ the first antenna was being used, thus simulating link 

performance under conditions equivalent to Alaskan west coast stations. 
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f • Adjacent Satellite Interference 

There has been concern about the potential of small enrth sta- 
tions such as the Point Reyes station interfering with satellites parked 
in orbit near the position of the satellite being used by the station. 
To guard against this possibility, the Federal Conununications Commission 
has established antenna performance regulacions restricting the gain in 
directions toward adjacent satellites. They have also set limits to gain 
in directions that can interfere with other ground systejus using the 
same frequencies « 

Range measurements were made by the antenna manufacturer prior to 
and subsequent to delivery of the system. The antenna pattern does 
conform to the FCC regulations for protection of adjacent satellites 
(See Pig. 2). It does not meet the requirements for protection 
of nearby ground systems. We are informed that the ^'high performance" 
antenna from the same manufacturer, costing about $2,000 more, would 
meet ground system protection specifications. However, the FCC does pro- 
vide for local coordination with other ground systems as an alternative 
to this requirement, and we recommend that this alternative be 
pursued. 

In the Point Reyes tests, measurements of antenna position and 
satellite received power are not as precise as can be obtained on a test 
range. However, it was possible to demonstrate protection of adjacent 
satellite systems. The 10 ft. antenna was pointed at different angles 
from the satellite and the signal from the satellite monitored on the 
spectrum analyzer at the 30 ft» RCA ground station also located at 
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Point Reyes, This station has a nominal 0/T of about 3^ dB» 

With the 10 ft^ antenna pointed from 1^ to 2^ off of the satellite, the 

signal had dropped about 11 to 12 dB below its highest level. With the 

antenna from 2^ to 3° off the satellite, the signal was not visible 

above the system noise on the RCA analyzer, even with the 10 kHz bandwidth 

filter. The 10 ft. antenna was pointed to and 5^ from the satellite, 

but the signal was gone. 

It was obvious that the 10 ft. antenna transmitting to a satellite 

o 

5 away from Anik II would have been completely undetectable in a system 
using Anik II, 

g« Manufacturers 

Our main contractors for the experiments were California Micro- 
wave, Inc. for the electronics and Westinghouae Corporation for the 
antenna system. The channel equipment was built by California Microwave, 
the preamplifier by Watkins Johnson, and the laboratory TWTA by Singer 
The antenna was built by Prodelin, Inc. 

RCA Globcom furnished the satellite time and allowed use of the 
Point Reyes site at no charge. 

h • Attachments 

1. April 30, 1971^^ letter from Prodelin 

2. Station license application 
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Prodelln Inc. 



HIGHTSTOWN. NEW JERSEY • 08520 



AREA CODE 609-44e-2e00 



April 30, 1974 



Mr« Mike Sytces 
Room 225, Durand Building 
Stanford Electronics Lab 
Stanford, California 94305 

Dear Mike: 

Enclosed are the radiation limit patterns for the antenna 
system that vre provided for the Point Reyes experiment. I 
am sorry for the delay but our engineering department wanted 
more time to re*-test the unit after its return. 

I emphasize that these are tentative limits based on only one 
feed system, however » they do indicate the type patterns that 
would be expected from a production antenna* It is anticipated 
that a similar antenna $ but one conforming to the present FCC 
specifications, would cost from 80 to 100 percent more« 

If I may be of further assistance, please feel free to call* 

Very truly yours. >j 
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form Approvfd 

HuJget Uutbhw No. 52.R043.I6 



VCC lorn 4 ti> 
Ociohcr 1970 

I'Vclernl Communlcit Icnn Commi»ilon 
APPLICATION l OR NtWOK SH)l»lP!i:i) UADIO STATION 
CONSTHUCnON PTUMIT VSOVM TAUT 5 Oi- TCC UUUl-S 



INSTRUCTIONS 

I. Subtnli In dupltcrttf direct lo the F^deraJ Communlcnilon* CommU* 
alon, U^tthUv.tcn. n c. 20554. 

Lleforc litis Bpj»''«- "^*i>rt prcpored flppHcanl Bhovjid r^frr lo the 
oppMciiblc p;iii It |>»ifia of ihc RuK's ond Rop.ulrl Ions of the Ccm- 
mtssloti. co{»ics c( Nshich m:iy be f.btr«ined froni liie Su^'vcriiiUnrtcnl 
of Dfcunirnt;!, Cjovcmncnt Prinliufi Office, Wochingtt^r. H.C, 2040? 
If ft cofporMivn, striie cot\'OTB{e tiiUiie; if a ^aftn«f bhij?. 6(0(6 aam«» 
of nil |.>n{inor!t »in«< th« n^itic under ^\hlrli ihe p^irtnershtp does bu«I- 
nft&; If An iiniiic«'rroratrd niivoci^i icn, stele ihc n;i>nr of .in execu- 
tive officer, ihc office held by him, pad the nntnc of Ihe i csociaUon 
U thlH Ap(.>Ucati"ti iuvnU'CB a slalion (hot is now oulhorizcii, th« 
name herriii s)i^>^vi^ must correspond exactly with thni shown on cuf* 
ftnt nulhori^oUcMi. 
4. Ho fees rcq^if^-d v/iih IhU opplicdUon. 



Dite ind pi^ce of Mi IK 



4. Is Uic applicaiii (Cht'cX o»c) 
Individual QJ 



Association [ ] 



Paflncrthip J 
CorpJrallon [ X] 



(U ipptic^t Js a p^HrcrshliUbov U.o follow 1^;^ Inlcrmalion for Hch member of 
(he pJrlror;-l-lp) 



Is ippUr.inl ii citi7c>n ( f Ihr 
llnllrd Slates? 



Ye* 



□ 



If c t ti?..'r (1: 1^ H i r 
DaU of fctfih 



Place of birth 



CerlifUaU- numUr 



Jjjtc ar.d platfe of Ir.puwe of finii) 
certificate of rutara1lzilk>n 



Court luUioritlrvg Issuance of 
certificate 



If citl/enSlop I cl.'^riitj by u>;i5ion cf n.itut ftlizaliuti of a parent 



Ksi/i? of p^j ml 



fiitc and p:uc<* of Hrlii 



CcrtL'if*.it<. nui iU r 



Alc of applirani then certificate va3 
li^sucd 



Dit<^ ttr^d place of i^suAr.cc cf final 
crrllflcstc of w^ ralliaticr 



Co<ii I aulhorieing l&sMdnre of 
ccrltflcitc 



I', ai>p!i<a.>t 1^ n pn .Of^iutivs of 
an -AiCH ot of f -ir*';)":!. f^o'-ermr ent? 



Yes 



»1. It afiiUcurt is 9 cor j..'r.ii(an, ir.cludin^ r^umJcfpjJ enr^jrailon 



li.il'H- 1^*^ «>f All I L5;;if- or c-M«ii<ry 



Whirc la apv^luarl' s prlr*rii>a1 office? 

Stanford, Ca.lj'f. 



Is tT!oro A.yn « nr -f^d'i of cjpjial >.t«>ck t'Wuiii of rirtrd Yc^ T ] No f | 

or b/ li>r<<:fi |,^'.< rpf'icn', or roprc sn irttivt l?-crrcjf, y« 
orb', 3jty r<'i|'>i .^ii'jii •>;|;;«Mltd Uhcier the Uus of a N/ A 



or . . , 



Is iny e'lrt'f lar or v'Jiti t an lUrn? 

If ' Yi'^", Mj> n^it»»> AnJ p'.i(tict> uf rath 



S'a]^ o^ni s a.-x' : J 'r - '. 5 i/f all • I .c kj' r«. our: if^ 3»nd, rr •ofinj? Kl percent 
cr I totv of >ppli .i,.l tf'<cV dijii rr»'.,'m> it tdl y lAih 

N/A - ApiKl.ifiant i55 a noiiproFiV trunt 
litivjn;.!; iu> ^sllfiJ'fi^j of sio'^U or stock- 
hold (!rr>. 



O 

ERLC 



Mtc^ Ko. 



Call 



Knme of uppllcunl {^k c liiNtruc t ion 3) 

•riiE noARD 01- TRUSTi:i:s or Tiir, 

l.ElAm STANl'ORU JUNIOR UNTVLRSITY 



Wl5&a llall 
Stanford, California, 9i|305 



4. Purpose of thin applkalion (See Instruction IJ 

ci«sof»iition Fixed, earth 

b. Katufeof «ef>icTnbTxperi menial (re searoH) 

c. New station [3^"] ^ ^ 



d. CKftj)ges In cxi^tinc 

»Ution(KiIe Ko.^ , _ Cill 

c. Modification of valid eon- 



Btroction permit (Kile No. ^ Call ) 

»( f^f constructio n rci rnil}' 



If(d)or (e) have been checked, IndtcMc nature of prOiK>scd eonslrucUon 
I. Replace transmitter 4. Chanee loctHon ] 

3. Add. trAnsmltler [ ] 5, Chunky Anlenia [ \ 

S. Increase {>ower | 



4- CKher changes 

(tJjc ^oparfttc 5hcf l> 



V/hal 1:. apjllcanVs principj bo;,ln< s»i ? 

Education and research 



1 ■ y apiitican t i.*^ a r.>rp .^ r ^ti:.in_ _ 



la applUanl directly or Inciti ictiy controlled by 
aiy othpj corporntjonV If "YeV, give nj\inc and 
addres^s of such controlhr^ cnrporhUoa 



Yes 



Under laws of what Stale or 
twMry Is corporation oipanj^cd? 



U moi p t^aJ1 ono-Ii?uU!i of c-ip;til s(wck of suc^i corporullon Ycsj l-''^r li 
o«n(d of recorder trt:iy be vorid by iIiciiSi 1h<lr rt- I- ) 

prp-st;«IMivcs, f\t by ."h f.^rt i;;',ri tovimnuht oj t c?v( «.ehtative 
thrreof, or by any corpoi^^tiM- orp;ini7i'd undo* iht Uv.'s 
of a foreigji country? 



any dkrettor or ofliic r ai. .Ob n? 
U ' Yes' , italo rawc und pjr.jtioi if nch 



Mo 



□ 



Is the ah,ni"*dc*f rlbed fujiln^Mliii: corp^ralirn 
in turn > «^ub,'.idi jry ? li ' YeV , ,nljch 
adJiiional sheets &ns«erir;^. l'ar;^f,rapti 5, bi- 
cJu.';ivc, for eaclj coi/:p;»«.y lo an<} ;nrjiid»^g Uie 
Orcarax^tion h.>v|n^ fiM«<l lijntrol. 



YC3 



6. V Appllcarjofi !:» ru»dc >n btij.ilf of Aii t7nneo?i»r.^lt'd aALociitfoA 

hitf.iber <d inf ii.t/< IS 



Purpor.e of the a^^«vi?tlorl 



:z::i 



Slate numlfef of alien nupibcir. (|| tniJ 



la 9J\Y direclyr or ulfic* t nn ^llcn? 

II ''Yeb", ^tate name ar J p^iiili'^n of rac'i 



Yes 



: c! An'.«H ihtlun or bylaw- 



rei iifu d by in n-- 
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KCCrorR,440 , 


U. 1. ^Iiit Irclwdfd ki tn InUinl p»ft of iho tr*n5ftiUU>r for 
•ut0mHtC4)ly holding ihe IriquMty *v^.n lUfi $\)v^pd (Tt^\itncf 
luirriAcc r MJ X 1 1 eqUCnCl C'S uGrlVCCi liy 

phase-locking to 5 IWIa reforenco. 


19, Will the tntCfkAi t>ctfftd ciure than 30 fi^ei tb^jvu Ih o KfOynd or nitura 
forflnsiiion, cp if JJioynird uiion *rj riiiting man-n»id,? Mrutlurf » sJlI U 
eirtend more Ihin 20 feet ibovo lych structure y 


frequency is Uti-* ippara^ui <<<;Ri|i^cd or rAn(«e4 ihe trL>ejf^ctyrer 
kivnoia>ui>r o(M^iiiri|| irc(|Lcnvyr 

1 X 10 parts per day 


20. If Ihe answer to the ahove cycsilon N ''Yes'*, glvi- liic fnllo>»'lhL iSPJ- 
FOOTNOIK nivLOW); * ^ 


Ovcrali hclphl above grourd to Hp . 

oftrtcnna N/A ft 


)S. provision will be made for mcaioreinenl and periodic c^cck^ng of 

the scjtion fxfqucncy? Me asurcman t prior to each 
test ^session with Jiiicrowave frequency 


DKlAnc<* 10 pcaresl aircraft lar^Jtr\K trei N/A f 


Ekvalion ol ground, «l antenna sue, above mcari v / a 

SMlcveJ ^/^ ft 


16. EetlTikiUd cosi^lo cslaUl:;h propo^d Uclliius 


Llsl any naturii formsMons or existing min-onadc slruclures (hills, trcts, 
water tanks, tower f^, etc.) whfch, ir <h<»opinlof> of tliC appUctnt. would 
lo fthkid the irtcntja from aircraft and thereby mlnimlte tlie aerona^h':!! 
hatard of the a/ttenna. 

n/a 


i. Trtftsmltlep {ready for service) • 1 12,000 

CHhvr Items {sUtr the nilurc aruj <^ nOO 
atnount ip;jliciblc to ei<M ( > ^'^^ 

Antenna 1,500 

Integration and testing 1,500 

TOTAL ESTWATFD COST * 15 QOO 


21 A \% the iransinitter lo be opt-ratrd vIOj Uccft«d Yes 1 j No ("H 
opctafor on duty at a rcnut^* control point only? \ ] IXJ 
If "Ye£'", the foUowiftg inftTmation musst tc fyrolshcd. 
(If Jfcen.ccd operator /s to b<* on duty at the transmitlof , 
data rcq'4Ucd by this item iii;iy be onilltcd.) 


n. Proposed lofitlofi ol t unSQiiUtf 


a □ 


n> U pennuicnUj loCJitpd kl & fUe<t Icxltion j^ivc 


i. Location of rernole tortlrol point 

(If rrorc thin one remote control pc)iM is Involved, auach fiufptemehtAry 
sh«fl glvlftg location of rach remote control p^lrt, plan of oiEraiton, 
tic) 


SUte 

California 


County 

Marin 


Cltj or tot n Surel kwA nuntb<rr 

Point Reyofl n/A 


Stat4 County 

• N/A N/A 


Kotth Ulltude 

38' 05*45 


West lonjiltude 

122* 56- nS •■ 


City gr town Street and nuw'>er 

. - . n/a , n/a _ 


b. H n^obllf epeciry evact ecea of operation. 

n/a 


b. V.Tirit IS the alrlire diiUnct between IransrrUl^r lotation ard remote 
control point? 

n/a 


c. By T hat m^an^^ will the tran^mitlcr be reiid«ri>d In^ecetstblc lo 
unavihorlted persons? 

n/a 


d. Can transmitter be placid til an Inopfrrattve Ye5» p*! Ko ( 1 
condition frorn Ihe rtnfali- conticl polntr [ | [ | 

N/A 


Jft. C!>c comm^rclaJ Dr Coir rnmert B EC E 1 V INO suiton »ntehr.A ^ysEems 
k.no»T» to tie Jocaifd wlfhln 3 itillps of pro?;jsvd iocitloa of Lrirscuttor . 

Co-located v;ith PiCA Point Hoycs satel- 
lite and HF radio site. See FCC File 
55DSB-P-71 for complete description of 
RCA site and surrounding* area, 

rm^i K'S. ■_ ■--!■ _L ^ _ J. ■ ~- — . — ■ ■ - ■ i — 


e. Dortt »be U-low 1h»« e^r'Mjknik'nt U, bo u*fd « riMe DiC ojKtator al Tho 
reiiOie ronirol ji iir»t e - ti 'UriUlr.f *htA ih-rc aiVviition frork t!it 
terr.s of the Maiivti la ui;.** or whtn cp' ration Is nol In actor c^trvr v."» 
the ConlmlS!i^Ol^^ riil» cr-bernlng the dasfi ol j tjition Jnvclvcd- * 

t 

j 

J N/A 


I OOTNOTI; - — , . 
)"CC r'>rm <OUA, ir,6 re<juJr*d ejihibUt, thkW bo SubmlSied Ift Irij-HcAlf viiK ihls app^JcAti^-i in all fasf s »hcn; 

Tht>anlcw* fclr.jrtyreaproiws^d lo t* • reeled WilU«fc«i in «vcr. til he ^r.M of mtrtX ibore ground kicl, c«c<pi thai whore ikr inlcnn* is mojnud m, 
Jop ol an eitlM.fvc f^if-i-mide »iru€ture *nd doe« nol Ihcr ease ihi- om-all hcic*it of .vjch mati-rr.adc siructorc norc ihin 30 Act, mi Kcirni lOl-A r.rcJ Iv 
iiico, or 

0) Th< >Mfnf^a j;fr«t furen proposed 10 etcUtd witi e>iccc<i an o/4r -all hc(»:».( of Tfo-.! alKivc t?jc erUbliifird airiy>ft (lanrf.nc ar*M* elr-vKUm f<,r i*c». .^ V 
rctt or dirunci-. or fra.Mit^ ihrltof. fr.^tn ihe rv^rt^i bour.dirirc< sach lar.dme area, expert lhat *hcrr ihr aj.uiif^i dors i,oi ciurd 20 fid a^iw Mr t.^.^- i ^ 
Of H Ihe antr-.-ji is ino\»rttd </n lopof an t>J.sl»A<? man./»«adc M/-i*cluf c <./ r.^futiil f fi,.»t/un anJ doi.<c nul incrt-a.'ir the o^tr-aij Kt-ii-hJ luch ft.^n-n.ali 
elfwrliiri or latura! f jrmalion by uvjxh ihao 20 Ictl, r^o form 401- A need Ix- fiUd. 

• I »rea. as d« fmrJ in p^tt \1 of th^* r*.rr,rftlisloft's Hul*"*; 'f.ifidm^ Are*' fueati^ any ixiilttfi tithcr Jind nalrr, irxcUAitir, Infi r nwvii.^t. 
tmdlOf ficl1>. which Is i.':.<-d. or appro>tdfvr ut-f , for th^ l.^ndmg i-vl l,i>:e-uH tA aircraft, whfihi r of net ficiliti-.-. iri« provided for kK<» :.hrU<f , srriKtrg, or 
pjlr oj airf r.ifl, r>r /'>r rrrt'Jyinff w i3>:,chtrt;Jn/ |jss«ph^crs or car):<i. 



J 
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_i' i'C J'l'fir d^^d 



Dig cwn«n or Ci\MtM Li Hay ii'tt^t i A-Mt} Millofti? 



(X] 



n«Uhnr owitfr Or iU!e i>ctture c( AppIUoiu'i Interoftl inuii> 

•not control of itr.tion) 

Applidnut will own and operate station in 
partial fulfillmont of U.S^ Government 
contract NTH 71-4718 with the National 
Institute of Healthy Portions of the sta4 
tion equipment are being loaned to the 
applicant by Wostingliouse Electric Cor- 
poration and California Microwave > Inc^, 
for the duration of the experimental 
period* 



(» not o%7\fr, alUch cr^y of agrrcmtnt sho*hg >pplicAnl's tnltrcst Jn 



U app!i€Anl Is not t) ownrr of .Mation, «ho Is 7 



Vi'iW 7i'j!iciiit live >brolulc control of jiLitlwi, Y«s 
boUi iiS tu physical cpti»tion SLnd Fervice rorrlor{<»d? 

M '.Vo", ailacli copy cl any conlract which may in any fray 
affect apf'Iicant's right to do so. 



0 



12. KrefjU^t if y riq'jo :^ ted aid pjrtifubrs o^k t :■ t ton of Oig pr <JpO!iPd^tAtiO)l 



opinio ihli nTf tloa. 



Station will bo constructed and operated 
with funds providexJ by U.S. Oovoniwont 
contract NIH 71-4718 with the National 
Institute of Health. 



Yes 



Ifj. Has the appllcanl, or any iKjrron directly or 
indJrfciJy cor.lroliinj; iho >f;/Jican«, becti 
luiiUy adjutfRcd c^Uiy by Any J'ederil court of unlawfully 
mojiopoliiinj*, or atlfmrring unlxwh,lly to d:o:«>j>c»IIic ndlo 
corimmnicAtton, directly or ti^tifectly, through conlrot of 
t»ara/Jttuf e or sale of radio app^r Ahj.s, vxcJu^jvc traffic 
arrajificn'.cnt, or any other mea^s, or of in/air uicU.o<ls 
of con4»ctitlon? 



It, 



Is applicant dirocily or fniiiccily cnrai;p(J ii\ 
tht* tusinci>s of tran^udltini; :\tid/or receiving 
for hire ine^jsae*** ^uy t^ibk-, vlrc-ttlccraph, 
or leltphonc linL's or t,y£,t{n]^7 



(0 

632O.i[10 MIJ^; 



(?) 



Unlimlle^O^ 



power 
0) 



11.00 




KoduUline 
/icquwicy 
cycles 



Points of 
eomntunlc^Uon 



f).ee.. Remarks 



J.ist ff qucnclr^ scvfitijply, indirntirii'. v };t-tlici kiU.ryclrn or mT.JcycIes. 

^^"^'^'^i*"^' *^^^V only. cot»tif*u .us, cie. (fMs iinri rcfrr'.n i>^ inionJuI hrturs of of ihi* specific /rcqurncy.) 



? . lH'Ju 'lit . „ , ^ - 

Kffrctiv<- r;uli*it,! f-r.wcr> SpOLifv v.htthcr i^'Jt*\ or la'o'vVus 
I ir.t encTi of erus-iion '"fiar^tcly r<i; each frt-i^n-ncy. 



If pulst- ( irvi*. r. Icn tJpk*fify p<.fri: pnwer. 
r^^^ V . ' r.>'-^«.-y lo: <^ycM friM^n-ncy. If pulse Pfo^s^lon r.p(-cify puKe ilu aioii ».ncj ruffle tvt.cXUion tnte . 

Our n,.*x.n.u;;i ir,e*!'i K.Mn,? /rof.ucr.c j- ctr.plojc.l in uonrxul opcri.tion opirositv tyi'c- of crtJis'-io.i involved. 



r;i:MAKKSj 

Station will be u.sed for loop-through tests from the UCA satellite commmicationH 
site at Point noyes, California throU{5h the RCA leased transponder on the Anik 11 
satoTlito ov.nud by Teleriat Canada and bock to the UCA site at Point Reyes. 



h«j]|>^<<r of trajr.iiuCcW S 

1 



ERIC 



C.'ivi ty-tunod oscillatoi' phase 
locked to 5 Mil?: slwiHlard wit). 
1 X 10"«|):iric:/(iay stability 
O ilLr^^!^:]•A!ALt JJ 



»Soo rxhihlt 1 

Tj pt' or clar.s «>f ri.txfMlaf .on 



Fi 0(|ucncy morUaation with L- 10 
h]\'A peak tesl-'tono deviation 



Tyi^' or J^:.-^: ! tio. 

rUti piv»r svfpfy f.jr \>>{ i»C\o uUyj 



natrd ^<^^' ^2xhibit 1 

irndulator is n voltaj^e oonlr(lll^^(^v^H,^,,. 

ijiu-lliv.ib-iiaov ^pJiaycr.locKed J IJITT^^IT" ' 

to 5 f5[l>5 filandard. 
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rCCForm 440 



Locilloncf rfc«lvin| equtpmcnl iis^lated with Ihli lUtion 



Cal if ornia 



CUy or town 

Point Reyes 



County 



Street and itumbt>r 

None 



38 05 



45 



West longUcde 

122' 56 



45 



JJ. Clve (jlcfinile facts vhy ihc cpcralion of the station wlU be m the puWtc 
convenience, Interest, or necessity. 

Oporation of this station is in partial 
fulfillment of U.S. Government contract 
NIH 71*4718 with the National Institute 
of Health. The operation of this sta- 
tion is intended to confirm performance 
of transportable satellite comnmnication 
terminals that can supply two-way voice 
communlcAtlonj; to remote Alaskan villagej 
Experiments using the ATS-1 satellite 
showed thai oflcctive coitmiunications can 
greatly improve health caro in these 
villages. See Exhibit 2. 



74* Supptcmenlftfy »t»timent» ai required (or lh« pankuUt cUt% ^f 
Itatlon or?ll«d for ifo miached and Identified at EKMbll(Os 

Station will bo conRtvucted ant) ov^oratcd 
under U.S. Government contract, thereby 
Jfyiiiiy ^^iLV51?lir of 5^oc tj on 5, 57 

TS. Ary fxhibii> referred lo hcrVm arfihS/c aitJcluiThpi c^li, "dfirriWand* 
Idfntiiled tn follows, are ccrlifi'd to be true tnd corri'cl. (Lut ^ere %\l 
exhibits tiuched to the A^tpucation) 



Exhibit 1 
station 



Description of 



Exhibit 2 — Medical communication 
in Alaska by satellite 



CERTIFICATION 



of rhn^?«r^^V?? '^t'^''^ ^""^ f^^^"^ ^^'^ f'^y pnrticulnr frequency or oi the nihtr ps ng^iinst the tef,ulatory powtt 

of the United Sutcs bccnase of the previous use of the same whuhcr ly license ot oihcr^ise. and tecucsis consiroctCot. 
»ue rJLTeM n^l? ihLs ap.hc.tion The .nc^etsigned hereby cerrifies thai the Matmcms in this «ppirca^roa^re 
crue. romplcfe and corrcci ro the best of hts(Iief) knowledge and beluf. find are mnde in £ood fairh 

Signed and dated tN^v^^th January ^ ^ 



Name of Arplicant TliE nOARD OF TRUSTEES OF THE L ELAND STANFOR D JUNIOK UNIVERSITY 

By 



(must coricipond with name given onpaf;e,l) 



Robert: R. Augsburs^o r 

(pilni) 



Title 



Vice President for Business and Finance 



(slfinatufo) ^ ^ 



(designate appropfla«e cUssifiCfltion bcloiv) 



u. s.coDi.inu II. sccncii&Oi. 



SMCMPEfl or PLICANTT PANTNEn5Hlf> 
ornccr. or AF>PticANT cor*PORAiiON 

^ OU A&SOCi ATION 

ClJOf f'CtAl, or COVCRNMEN TAL CNTITV 
COMPETCNT UMOUa t M tl J UfH SW C T<Otl 
TO tfCN ►or? THE APPUICAriT 

O AUTMCiHiytO LMPLOYEE 



ERLC 



r.C.C. • WASHINGTON, O. C. 
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EXHIBIT 1 
Description of Station 



1.0 SYSTEM PERFORMANCE GOALS FOR HEALTH APPLICATIONS 

r 

Following are the technical specifications for a system that can supply 
health communications between Alaskan medical centers and health aides lo- 
cated in remote villages. Characteristics of the services are as follows; 

- At each villoge is a single voice channel transponder. The 
equipmcml is of the simplex variety (push to talk) and can 
monitor other calls through the satellite using the samo 
satellite frequency, Its transmit and receive frequencies 
are fixed and can bo changed only by a field modification. 
Power is from a 24 volt automobile battery recharged periodi** 
cally by local electric generators, 

- At each medical center Is a voice transponder similar in every 
way to the village transponders except that it can be switched 

by mechanical switch to work on one to four satellite channels, 

*« 

- Initially, all stations will use a single 24*hr/day simplex 
channel on Canada's Anik satellite. Routine traffic from 
different service areas would be assigned to different hour« 
of the dfiy. As requirements exceed one channel, additional 
channels would be added with different service areas being 
assigned to different channels. 

- The system is to maintain voice communications with ^'intelligibility 
excellent*' (13 to 16 dB »SNR) with communications rain losses and 
rotation antenna pointing errors described below. Under normal 
conditionfi without those losses it should provide ''quality good to 
excellent" (20 to 25 dB SNR) , 



2,0 ANIK CifARACTUUISTICS 

Alaska is off to one side of the satellite beam, Because of this the 

satellite performance is worse than its nominal design characteristics for 

Al«'iska, This dogradation is dependent on how far west in Alaska the station 

Is, It is also dependent on which transponder in the satellito is used, 

TIio sntollite' s' performance is described below in terms of its transponder 
2 

gain [nnw/Dmv/M 1 which describes the Kffoctive Radiated Power, EI{p , in 
DIW that results froM a given signal power donsily fDliW/M ] arriving at l:!\e 
satellite. The Irnnsponder gnins aru given for the transmitter backed off 
^ at least r» (III from .saluratlon, the condition typical of voice circuit oporo- 
ER^C tlon, Minii.nuii gnin is given for Anchorage and polnta Ciist and for all 
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Alaska except for the Aleutian Chain ♦ Tlie gain is also given for Transponder 
I and for Transponder 12, The satellite being described is Anik II, lo- 
cated In equatorlc?! orbit at 109^ W. 



TABLE 1 

Anlk II Transponder Gains in the Direction of Alaska 

[dhw/ddw/m^] 





Anchorage and East 


Alaska except Aleutians 


Transponder 1 


119.9 


114.9 


Transponder 12 


121.4 


116.4 

V 



It should bo noted that ii appears to be technically possible to point 
the satellite beams slightly moic westward without effecting services to 
Canadian users on the East Coast. This would cover all of Alaska except 
the Aleutians with the gain quoted above for Anchorage and East. 

3.0 STATION PERFOa\\ANCE WITH ANIK SATELLITE 

The link performance calcvilntions for an 'optimum' station are per- 
formed bolov;. The calculation uses Transponder 1 for all Alaska except 

2 

the Aleutians. [114.9 DBW/DBW/m ]. Two conditions are estimated, one 
with no rain loss and fetation pointing error, and the other with those 
losso*^' , 
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TABLli II 



LINK PARAMETERS 



Up-Link Frequency. 6. GHz 

Path Length to Satellite ! ! ! ! 1|1173 km 

Dovni-Llnk Frequency P qu^, 

SfttelUte G/T On-Axis. . l*. -7 dB/Dop K 

Satolllto Intermod Relative to EIRP ^ 

Satellite Transponder Gai^ ! ! ! ! III1.9 dB/dB/M^ 



LINK CALCULATIONS 

With Without 
Loss Lofjs 

Transmitter Power (30 watts) lll,8 ll(,8 dB 

Station Antenna Diameter , , , • 10 10 ft 

Transmit Gain ; , ' ^ ^q* 

Trans,nit J^ine Loss , 1,5 dB 

Transmit Point Loss ,5 - dD 

Up-Llnk Rain Loss , , 1 « dB 

Flux at Satellite . , -108.5 -107.0 dB 

VP 73.1 7U.6 dB 

EIRP from Satellite g^lj ... 7.9 dB 

Rain/A tinosphcre Loss Down, , , , .7 . . . ~ dB 

Roccivo Pointint; Loss. , , , , ,3 ... - dB 

Receive Lino Loss. " .8 . . . ,8 dB 

Preajijp) if ior Noise '(TDAJu;)dBNF) 595 , , ugrj o,^ 

System Koiso Toinp., Incl. Rain Cl^ \ ] [<yiQ 

Receive Gain 30,5 , . [ 30.5 dB 

. . 11. g . . . iii cmA 

^""""^ ' . 1+8.0 . . . 50.7 dB/H« 

RP Bandwidth . . . r 20 . . . PO klla 

C/IM Noise Density 58 ." , . ^ dB/Hz 

C/kT Total 1,7.6 . . . 50.0 cJn/lIa 

UP Bandwidtli , 80 ... 20 kHz 

C/K Ratio in RP Bandwidth Ij^g ! ! ! 7.O dB 

Audio Bandwidth. ^,lf , , , 3')} 

V/eiuhted Test Tone to Noise Ratio 22.3 ♦ • ♦ 2'l.'7 dB 

Approximate* Voice/Noise Ratio. * v . . 12.3 . . . iS!? dB 

Depends on specific characteristics of receiver 
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4.0 SYSTKM DESCRIPTION 

The system is shown in its overall form in Attached Figure 1, In- 
coming voice is u^ed to modulate an FM carrier which is translated to the 
appropriate transmit frequency. The FM carrier is then amplified and applied 
to the antenna for transmission to the satellite in the 5.925 to 6.425 GHz 
band. In the receive direction the translated carrier (in the 3.7 to 4.2 
GHz band) is received by the antenna, low noise amplified, downconverted, 
and passed to the receive FM channel equipment. The outpui of the thresh- 
old extension detector is the receive voice for connection to other termi- 
nal equipment (signaling equipment, echo suppressors, 2w/4\V hybrids, etc.). 

The common equipment includes a highly-stable reference oscillator, a 
transmit system pilot generator (which will not be used initially), a trans- 
mit summing network, a receive AFC pilot detector (also optional), a re- 
ceive distribution amplifier, an IF-to-RF upconverter, and an RF-to-IF 
downconverter • 

In the transmit direction the incoming voice line includes protection 
against excessive voltages. After amplification and low-pass filtering 
the voice signal is processed by a volume compressor and a special circuit 
to prevent excessive deviation, The voice signal is then applied to a 
low-noise FM modulator. The output of the modulator is applied to a mixor 
for conversion to the output IF. The output frequency is controlled by a 
VCO whose frequency is programmable to permit rapid frequency assignment 
when a demand access system is used. The actual transmit frequency Is 
referenced to the station standard. The output of the transmit channel 
equipment is turned on by voice actuation, when :!usired, or it may be left 
on continually. 

The receive part of the channel unit is downconverted twice, the first 
conversion tq 10,7 MHz and the second to 455 VMz, The receive channel fre- 
quency is controlled by tJie VCO used with the first convorsion. This VCO 
is a part of a programable frequency synthesizer to permit rapid frequency 
assignment when a demj^nd access system is used. The synthesizer is refer- 
enced to the }ughly stable station standard. The 455 idl?, detector uses a 
phase-lock demodulator for threshold extension. A delay line between the 
output of the detector and tlie voice equipment assures that the phase-lock 
detector has achieved synchronization with tlie incoming carrier before its 
output iS connected to the voice frequency output line. The signal is then 
processed by a click eliminator and the expander part of the compandor. 



A-195 



Emphasis Is used to give output noise which is essentially flat with 
frequency. This gives an improvement of several decibels in system signal- 
to-noise ratio over that obtainable without the emphasis. The emphasis is 
6 dD per octave to effectively obtain phase rather than frequency modulation. 
The signal-to-noise improvomont obtained is discussed In more detail in 
the following section. 

The upconverter and downconvertors both use special microwave signal 
sources which are required to maintain low FM noise in the baseband spec- 
trum between 300 and 3400 llz. These same sources are referenced to the 
stability of the station standard as required to maintain the overall fre- 
quency stability, except that the first oscillator in the downconverter can 
optionally be part of the receive AFC loop that compensates for the drifts 
of the satellite oscillator. 
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FCC lofm 44aA 
November 1966 



FEDERAL COMMUNICATIONS COMMISSION 



Fofn Ap{>fovcd 

Budget Dufeau Mo. 52- R 166 



SUPPLEMENTAL INFORMATION FOR APPLICATIONS (N THE EXPERIMENTAL RADIO SERVICE 

INVOLVING GOVERNMENT CONTRACTS 

INSTRUCTIONS: U File in TRIPLI CATE with the Fcderol Cor»»munIco!ions Commission, WoshlnQton, 0, C. 20554. 

7» If the experimenfol project descfibod heroin corri^s o security clossificotion, this document 
must be clossifiod occordingly. The Commission will hondlc eoch such cose in occordonce 
with opplicoble security regulotions. 



L NAME AND ADDnGSSOF APPi^lC kNT (MUST CORKKSPONn WITH APPLtCATtON) 

THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNIVERSITY 
105 Encina Hall> Stanford, CalifornJia, 94305 



2. 



COMTR AC T 



NIH 71-4718 



AGENCY PLACINC 
CONTRACT 



National Institute of Health 



4* NAME or pntME CONTRACTOR. |F OTHER THAN APPLICANT 

Applicpui 



Si NAME. AOORCSS AND TELEPKONK NUMBER OR ENGINEER RESPONSIBLE FOR THIS PROJECT 

Michael J. Sites^ 225 Durand Bldg, Stanford University, Stanford, OA 94305 
(415) 321-2300 X 3595 



6. BRIEF Oi:SCRIPTION OF PROJKCT Arjtj PURPOSE OF OPERATION ~ 

Demonstrate feasibility of using small earth terminals in conjunction wltli an 
existing doir.o.stic satellite (Anik II) to provide voice comimmication into remote 
areas ^ Primary application would be. for providing reliable coimnunicaiions between 
doctors of the Indian Health Service and nntive para-r.iodical personnel located 
at remote native settleiaonts in Alaska which have no cxlstinf; telephone service » 



y. LOCATION OF r'HOPOSED STATION f/F MOUtLE, GIVE ^IRKA or OPERATIONi IF FlXl'h, COMPLHTi: if EM 8) 

Point Reyes, California 



3HOGF<^PHir. CO':»RDlN AT ES 



N^JMUl.R OF TRANSMITTING 
EQUIPMENTS TO nE 
OPERATED 



10, 



38^ 05* 45" 



LAND MODILC 



0 



MRCn AfT 



0 



W. LONG. 



OTHtR (cpeelly) 



0 



TECMNiCAL DETAILS (Use a sr^pdratc column far each frequent y or ban d of frcqucn ci e s) 
1 2 3 4 



r Mt-' OULNC Y 



rowi:R r:r<p 



TYPr OF LMU ilON* 



OANOVVjrAni OF EMISSION tKC>* 



f'ur'ii" r%r:pi: r iTiON hate 



.6320 .Jf) 0/^7 



800 kW 



F3 



27 



"nTa" 



* Fffcciivc liufiatcv? power in.watls, k-ilowalis or m''/;AwaiiR 

•♦U a complex emission (A9, l"9, 1^ cic) is to l>c u*it-J, Jcscribr in detail l>clow. 
Refer to Sections 2.?0? And 5.103 of the Commission's Rutts, 
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art J. 

Itonoarc)i Ani;ociato 



6»o« II th« onftw«r to Qu«ilion 6 on lh« r«v«rt« »ld« U '^YES*\ giv* lh« following: 

Ov«roll height obov« ground lo tip ol ontonno ft. 

DUlone« lo n«oroftl oircroh londing or«o I'- 

EUvQiion of ground, of onlcnno sil«« obov« meon %to lovtl ftt 

r t , f 

6«bf If iho onswtr to Qu«ftlion 6 on iKe f^tt%t is'"YES'\ <n the opinton of iho oppliconlj ore lliero ony nolurol forinotlont or 
existing mon-mode ftlrocturet (hiltft, tree*, woler lonks, toweri, eic«) which would lend to fthield the ontenno from oircrofi 
ond iKercby minimiie the oeronouticol hoiord of the pnienno? YES NO 

II "YES**, Uftt ftuch noturol formoMoni or exiiting mon-mode structureit 



7, CONTINUED 

No changes 



REMARKS: 

None 



A-199 



Uvvvtnhct 10 r 3 



O.M.It, No. ^:ua250 



APPUCATtON FOR WDV OR MOO/F/PO 
eXPERIhiCNTAL RADIO STATtO:^ UCeNSE UNOER 
PART 5 OF FCC RULES 



APPUCANTS SHOULD NOT USE THiS (\l.OCK 
Fii« Nomter Coll Sign 



INSTRUCTIONS 

A, Tills font i* lo to used in .'II c-^sm. lAh'n ujjplyinn for on Eitpon- 
rt^ncat iC<'t'i> Stntiim Livi'nse, or \tiK-fificiiticn thcffof. undtr P<jri 5 
of the t'CC Kulcs. 

il. S^uV-fiiil in ctti;il i ( Ji ir dirfct lo ih^' Frjit^fil Cofrimunicatinnft Commi**' 

C . The f •tinf of tHi* ts^'Silicant n^usl tic bi-iU il exactly it i^pprarson 
Ihc ConstnKUOr\ I'<:ririii vthich Is Ic-iin; coxenfd, or <hc License 
wMch i& Jieiij^^ minJifu'd, e*i>lHin nntr.e -change modifiCi^Uons under 
Reinaiks. 

P. II ihcre has boirn no chnnge in srvy of the iuformattun Rutmilled In 
the jipfiljcH<ic»n ^>f rh^ C'on5tructi.^n /^rrrnif b^irjR rmtrr^d, or rhe 
oulhoii Ziition issurJ j:iursuHnt Ihrrrto, .i(»plU'«int need unswer only 
qurstiost 1,2,3, nnd ^1 and fiign Ihc Ceriificalion, 

K. No f^'cs ure required with this iip[illcaiion< 



3, iiiit !h4*rc bi.'ci\ ;<iiy ch.mnc in **ny of the infonnation submitted iti 
, the rpfvlicMtiun tor the C!on*lru» lion T'crnul which is Uning covered 
herein oi hui hrri y ut» on i s ^luriuanl iherclo? 



. YES 

(See iostnic ti ^^n fJ) 



SO 



. _ n i j im iBWiiw i i L], V L 

l.trt)N.injc of Aj»plu- Hi* (^rc tnsinn tioii Cf RO^RJ") C)F 

(b) Miilllnk! AdJfcss. <numhrr. slrcf i, t'ny, si^tr, '/W Cod*' 

105 Hncina Hall 

Stanford, California 94305 



?.< e ) C la 5 !« 0 r St a « i on FlXOd K CD'l h 

Exporiiiionlal (Research) 



(b) Salure of Si'twlce , 

(c) chii sifen no t assifcfio d 



4. Pur;>ose of applio.Mion 

License to cover coiistrucUon perrnil 
SWoLficalion of License X' 



J£ YES 



NO 



YKS 



Prrscnf File No, , . -. , .-. 

.L/ Specify in questicns 5, thru 8, or under Rerriarks desired 
rrio<{lficati&n. 



S. TKANSMI i TKK 1 (K'A f lOX. U porli^blc Anolijlc, Rivo ^r^ur^phicol Hfeo of proposed operalion, or, icive Statt', City, Couniy. Sltcel & No, 
and LatHu'Ic .^l-ur^'imd"* of fixed locntioti: 



Afi-n of ();irf.M;f-n 

Fixed 



Statr 



California 



City 



Pt, Reye 



Counly 



s Marin 



Stri-Pi 6k No. 



n/a 



L»litudc 

38 ° 05" 45" 



Longitude 

122° 56 



45 



6. AN'Tt*NNA STkU( TUKE. Will Khr .niuniia extend inoro than 20 feel atc/ve the ground or n:*iur:j1 formMiun, ur If niounied ^pon wii c^istintj 
r:>.i.ij-c:,.i<J(- itnittwfi, vill ii exti nd nor^ th+n '/O fen ahyxr inch utrvicUiic^ , ^ YtS _?L-N^ *'ye«" ^e<^ Rrveiwe) 



7, C>i\v driJiK of '^rij rhwn^^es in l^r^nsli^tf er(s) or anUnn.i syslrrru on Kevcr^e. 
t, rpriifv l^-*o-., i\>clIVi J»..rtu ul.irs of vlcvitcd o^xi.Uious. 



No ohaiigns. 



f ft- <iu'*i«c s 

(I) 




power 


Kmlssiosi 
(4) 


ModulHiing 
frequency 
cycles 


Points of 
comnmn Ication 




^. unlimited 


800 1-:W 


27F3 


3400 


See remarks 
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Abstract 

An experimental communication satellite has been used since late 
summer of 1971 to provide daily two-way radio contact between native 
health aides in remote Alaska communities and a Public Health Service 
doctor. Health aides, who after 12 weeks of training provide all of 
the primary health care in their communities > ar^ now able to consult 
with a doctor concerning treatment of most of their cases where for- 
merly radio contact was impossible six days out of seven. Doctors 
and health aides have accepted the experimental communication service 
as an integral part of the Alaska health care delivery system. The 
Public Health Service now has the problem of how to terminate or 
replace the experimental service without lowering the quality of 
health care the native people have learned to expect. 
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MEDICAL COMMUNICATION IN ALASKA BY SATELLITE 

!• Introduction 

A "satellite house call" probably sounds like an episode from a 
medical fantasy. And yet patients In 14 remote Alaskan villages can 
now receive consultation from a doctor — via communication satellite. 

Health care is delivered In bush Alaska by the Alaska Area Native 
Health Service of the Public Health Service. Much of the native popu- 
lation is scattered in about 175 villages with populations between 25 
and 500. The state is divided into 7 Health Service Units, each with 
a service unit hospital* The major referral hospital is the Alaska 
Native Medical Center at Anchorage. Health care in most of the vil- 
lages is provided by a native health aide with up to 16 weeks of 
training by the Public Health Service. The health aide's tools are a 
basic drug kit, a manual, and a 2-way radio. 

Although som^» communities have telephones, most of the villages 
can communicate with each other and with larger centers only by 
High Frequency (HF) radio. The health aides' back-up is the doctor 
at the service unit hospital who attempts to contact each aide by radio 
at a set time every day. This scheduled consultation is known as 
"doctor call." However, in practice, radio contacts may be very 
infrequent. HF radio is plagued by ionospheric disturbances which may 
cause "black-outs" lasting days at a time. The radios are usually not 
owned by the PHS but by other institutions such as the Bureau of 
Indian Affairs or the State-Operated Schools system. They may be 
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located In a teacher's home or the school, where the health aide may 
be unable or unwilling to use the radio on a daily basis. In addition 
to such limitations on access, radio communication may further be 
hampered by infrequent maintenance of the equipment, 

Xanana Service Unit in central Alaska, including some 21 villages 
many of which are on the Yukon and Koyukuk Rivers, has the worst com- 
munication problems in Alaska. The above factors, compounded by the 
mountainous terrain and distances of as much as 250 miles from village 
to hospital, make HF communication very unreliable • While some 
villages were able to maintain fairly regular schedules with the Tanana 
hospital, the health aide in one village (Beaver) had contacted the 
doctor by radio only once in the two years prior to installation of a 
satellite ground station in spring of 1973. Even a 'forking" radio 
can be less than wholly satisfactory. Bertha Moses, the health aide 
in Allakaket, an Athabaskan village on the Koyukuk River, described an 
emergency when she needed to contact the doctor at Tanana. Her HF 
radio could transmit messages, but she heard no reply. Fortunately, 
a village school teacher was able to tune his short wave receiver to 
the same frequency. Bertha radioed the doctor, and the teacher listened 
to the replies and then ran across the village to repeat them to Bertha 
so that she could continue her "conversation." The villages are 
typically without electricity and draw their water from the rivers. 
The Athabaskan Indian people live in loz cabins and u«e uoor* for fuel. 
The one predominantly Eskimo community in the service unit ^is Anaktuvuk 
Pass, high in the Brooks Range. Here most people now live in prefab- 
ricated houses, although a few traditional sod huts remain In use. 
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Satellite communication was Introduced to the Tanann region In 
late summer of 1971 an experimental medical communication project 
financed by the National Library of Medicine *s Lister Hill National 
Center for Biomedical Communication. Ground stations costing about 
$3>000 each were Installed for the project by the University of 
Alaska's Geophysical Instltutei which also has the maintenance con- 
tract and operates the "Minitrak". Alaskan base station at the Unlver- 
slty. NASALS ATS-1 comraunlcatli^n satellite was used like a tall 
(22^000 mile high) tower providing line of sight communication to 
from each of 26 ground station locations throughout the state, a 
DOst of the interference plagy^g radio communication between df 
points In Alaska. The locations -^re shown in Figure 1. Initially, 
the sites included the service unit hospitals, the Alaska Native 
Center at Anchorage, 10 villages In the Tanana Service Unit, two < 
north slope, and St. Paul, one of the Prlbllof Islands in the Beriu 
Sea. In the spring of 1973, four little-used stations were move o 
additional villages in the Ta^na Service Unit where they are now i.. 
daily use. The communication system is being operated by the Ind a 
Health Service. 



Application Technology Satellite-1 of the National Aeronautics and 
Space Administration 
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LOCATION OF ATS-1 SATELLITE GROUND STATIONS 

(Lines indicate boundorics of Public Health Service Units) 1 Altakakot 



2 Anaktuvuk Pass 

3 Anchorage 




Figure 1 

Location of ATS-1 satellite ground stations 
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ATS-1» first In NASA's series of Applied TecIinoloRy SatcJlltos, 
was launched In 1966 with a life expectancy of two years. Solar 
cells permit recharging of batteries for satellite power for the 
Alaskan experiments, which use the still functioning VHF (Very High 
Frequency) transponder. The ground stations are licensed as experi- 
mental stations by the Federal Communications Commission. The radio 
frequencies being used are officially assigned to the Department of 
Defense, but are loaned to NASA for die experiments. 

The major experiment is the daily doctor-health aide consultation 
in the Tanana Service Unit. Each of the participating health aides 
has a ''satellite radio" in her home connected by wire to the nearby 
ground station. Most health aides are women who speak English well 
enough to converse easily with the doctor. Every day a doctor at Tanana 
calls each health aide in turn on the single "party-line" satellite 
radio circuit. Health aides may ask the doctor for specific instruc- 
tions after describing signs and symptoms, or may simply verify their 
own diagnosis and treatment. The medical facilities in the villages 
are still very limited, so that any serious cases must be evacuated. 
The satellite radio can then be used to arrange for a plane to evacuate 
such patients, usually to the Tanana hospital, a 26-bed hospital 
staffed by two Public Health Service doctors. 

The satellite radio is in fact more like a reliable two-way 
radio than a telephone. At each site with a ground station, users 
can listen, and participate in the discussions. Although this situa- 
tion does limit privacy, it also enables the health aides to listen 
to and learn from the dialogue with other villages. 
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An interdisciplinary team> drawn from the* Medical School* Jnr»t l- 
tute for Communication Research, and the Department of FAectricnl 
Engineering at Stanford University, is evaluating the Alaska biomedi- 
cal communication project under contract with the Lister Hill National 
Center for Biomedical Communic.ition. With the assistance of Dr. Brian 
Beat tie of the U. S. Public Health Service, they have examined avail- 
able statistics on the utilization of medical communication facilities 
and other aspects of health care delivery that might be affected by 
the use of the satellite radio. 

2 . Other Uses of the Satellite Radio 

Patients at the Alaska Native Medical Center in Anchorage and at 
Xanana Hospital have talked to their families in the villages via 
satellite. Previously, the villages may have had no contact with a 
patient from the time he left for a distant hospital* One health aide 
commented: "Last year we don*t know if they* re dead, still in hospi- 
tal, or what." 

ATS-1 has been used experimentally to transmit a lecture from the 
University of Washington Medical School to a pre-med class in Basic 
Genetics at the University of Alaska. Dr. Jon Aase delivered the 
remote lecture with prepared slides, blackboard diagrams, and demon- 
strations being coordinated with the audio in the University of 
Alaska classroom. In a questionnaire the students indicated that they 
preferred to have the lecturer present, but found the audio lecture 
combined with visual aids preferable to other forms of presentation 
including delayed time instruction, or independent study. However^ 
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they felt the visual component was significant enough to rank 
two-way television as potentially the best of all possible worlds. 

The library of the Alaska Native Medical Center has used ATS*-1 
for interactive searching of MEDLINE, the National Library of Medi- 
cine on-line computer information retrieval service, in Bethesda, 
Maryland, A computer terminal in Anchorage is connected by satellite 
to a ground station at Stanford University in California where a 
connection is made Into the TYMNET computer network to reach MEDLINE» 
In the spring of 1973, this facility was used approximately eight 

hours a month to link Anchorage and Bethesda. 

Two types of doctor-to-doctor communication have been attempted* 
The doctor on St. Paul, one of the Pribilof Islands in the Bering Sea, 
regularly consults with specialists in Anchorage via ATS-1. His prac- 
tice Is completely Isolated, as radio communication is very unreliable 
and there is Infrequent plane service. During the early months of 
operation, grand rounds were offered by satellite to the doctors at 
the Service Unit Hospitals. However, participation was low, and 
doctors interviewed Indicated that the rigid time schedule available 
for such programs was not compatible with the heavy work load of Public 
Health Service staff. Some doctors indicated a preference for material 
available at their convenience in journals and reports or on cassettes. 

A separately funded education project produced a poster calling 
the satellite radio "the radio you can talk back to." Health educa- 
tion programs have been produced by the education project and coordinated 
by Georgiana Lincoln, Chairman of the Tanana Service Unit Native Health 
Board. Programs typically are presented by a moderator and expert 
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discussing a topic requested by the villages. Village participants 
have the opportunity to question the speakers and continue the dis- 
cussion. Topics have included keeping dogs healthy, presented by a 
veterinarian and a dog musher, and health education requirements for 
villages* During the latter program health aides exchanged suggestions 
for films, posters, and written information for the villages on keeping 
impetigo sores clean, the importance of well--baby clinics, caring for 
sick children, building wells and outhouses. "And we don*t want any 
of those films made in California, either!", added one aide. 

3. Research Design 

In an attempt to isolate the effects of introduction of the 
new technology from other factors influencing health care delivery in 
rural Alaska, a quasi-experimental design was Imposed on the basic 
data. A group of nine villages with satellite radios were designated 
as the "experimental villages." These were Allakaket, Anaktuvuk Pass, 
Arctic Village, Chalkyitsik, Huslia, Nulato, Ruby, Stevens Village, 
and Venetie. A tenth village with satellite radio in the Tanana 
Service Unit, Fort Yukon, was excluded from this analysis because the 
presence of a nurse and the availability of a telephone made the health 
care delivery situation in that village quite different from the others. 

In order to examine the differences attributable to the satellite 
radio, statistics were gathered for the year Immediately preceding the 
introduction of the satellite ground stations. Some of the changes 
from one year to the next might have occurred without the Introduction 
of the satellite radios, however. In order to provide an appropriate 
baseline for comparison, a group of villages in the Tanana Service 
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Unit that did not have satellite radios were compared for the same 



satellite ground station Installation, as the dividing point for the 
before-after comparison in the '^control villages") • 

4. Comnunlcatlon Contact 

The radio logs at Tanana Hospital were examined to determine the 
frequency of radio contact between Tanana and each of the villages 
during the two-year period examined. For the 9 experimental villages, 
the data in Table 1 Include the calendar year immediately preceding and 
the calendar year immediately following the installation in each 
village. For the 4 control villages (3 others were excluded because 

there was no record of radio contact with Tanana for 2 years) the 
radio contact is reported for the year before and the year after the 
average Installation date of August 17, 1971. 



Average Number of Days of Radio Contact per year Before and After 
Installation of Satellite Ground Stations 
(% of possible contact days in parentheses) 



two-year period (using mid-August of 1971, the average date of 



TABLE 1 



Before Satellite 
(1970-71) 



After Satellite 
(1971-72) 

• ^^7b.2 (74%) 



9 Satellite Villages 51.7 (U%) 



4 HF Radio Villages 44 (12%) 



24.3 ( 7%) 



During the satellite period, the satellite was not available for 
27 days, and the health aides were not required to answer **doctor 
call" on weekends if they had no patients to discuss« However, in 
all instances, the percentage of days with radio contact was calcu- 
lated on the basis of a 365- or 366-day year. The change in radio 
contact in satellite villages amounts to a more than 400% Increase, 

a difference which Is statistically significant despite the small 

- J 

number of villages involved (t=14.1, df«s8, p5:.001). The drop in the 
HF villages is not statistically significant, and may be just random 
fluctuation. If it does represent a real decline, it may represent 
deteriorating HF maintenance. Increasing frustration In using the HF 
radio when contrasted to the satellite radio, or a decline in the 
doctors* perseverance in attempting to make contact via HF radio. 

The dramatic increase in number of days of contact between the 
health aides and the doctor Is reflected in the increase in the number 

of medical cases treated. Table 2 compares the number of 
episodes which the health aides discussed with doctors before and 
after the installation of the satellite radio. The figure in paren- 
theses indicates the number of episodes per thousand population. 



TABLE 2 

Average Number of Episodes Treated Before and After Installation 

of Satellite Ground Stations 

(episodes per thousand in parentheses) 

Before Satellite After Satellite 

(1970-71) (1971-72) 

9 Satellite Villages 47*1 (330) 184.6 (1291) 

4 HF Villages 24.7 (286) 15.0 ( 173) 

An episode is defined as a reported Illness, accident, or new discus- 
sion of a chronic condition. Follow-ups within a few days were not 
counted. 

The data in Tables 1 and 2, while showing dramatic increases in the 
frequency of contact and the number of new cases treated, do not in 
themselves demonstrate improved health care. Given the small number 
of villages involved, all of which have relatively small populations, 
it is not possible to demonstrate a statistically significant improve- 
ment in mortality or morbidity rates. Nevertheless, these statistics 
do show that health aides can contact a doctor on most days when there 
is a patient in need of medical attention and that the number of cases 
treated by public health service doctors has significantly increased. 
As indicated in the analysis of questionnaires administered to health 
aides and by the opinions of doctors e)q)ressed to the Stanford 
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evaluation toam, both health aides and doctors are convinced that the 
quality of health care has improved* The present documentatation of 
of the number of cases treated may be the closest we can come to "proof 
of Improved health as a result of the satellite radio. The only 
unproved link in the chain of inference is the assumption that diag- 
nosis and treatment over the radio by a Public Health Service doctor 
results In a better quality of health care in the village than that 
provided by health aides functioning on the basis of only infrequent 
contact with a doctor. 

5 • Health Aide Questionnaire 

During the spring and summer of 1972, a questionnaire was adminis- 
tered to health aides in 9 villages with satellite radios and 5 village 
with HP radios only. The questionnaire was designed to probe for 
potential effects of improved communication on village health care. 
Many of the questions asked the health aides to compare their answers 
with conditions one year ago, when the satellite radio villages would 
also have relied exclusively on HF radio. Probes were included fre- 
quently to check for the influence of factors other than the improve- 
ment in communications. Deliberate effort was made to avoid mention 
of radio communication in the comparative questions so that the 
respondents would not attempt to guess the "right'' answer. 

Daily communication with the doctor was important to the health 
aides. All 9 of the health aides in satellite villages said that the 
doctor's directions over the radio were never unclear to them. Seven 
of the 9 said the quality of reception was less of a problem this year 



than last. On the other hand> 4 out of 5 health aides In the 
non-satellite villages Indicated that they had difficulty Understanding 
the doctor at least once In a while. 

Frequent conmunlcatlon with the doctor seems to increase the 
health aides^ ability to persuade the patients to follow their advice. 
In 8 of the satellite villages^ the health aide felt that people follow 
instructions most of the time; 2 of the aides with HF radios answered 
•'most of the time" and 3 '^some of the time." Three In the HF radio 
villages and 5 in satellite villages thought this was about the same 
as last year^ but 4 aides in satellite villages felt people followed 
their advice more often now. Two aides mentioned that patients can 
now listen to the doctor. One said she kept after her patients more 
this year. Dr. Beattie comments: "in relating a few of the deaths 
that occurred In the villages, health aides said that patients or 
families did not come to see them until the patient was almost dead, 
or did not return after an initial visit. Follow-up visits are fre- 
quently part of the directions given to the health aide over the radio, 
and better communication should make both the health aide and the 
patient aware of this importance." 

One of the most striking contrasts was in frequency of contact 
with other health aides, which appears to be very important both for 
morale and' for continued learning. Eight of the 9 health aides in 
the villages with satellite radio reported that they listen to health 
aides from other villages talking about their patients with the doctor 
most of the time. In the non-satellite villages, 2 of the health aides 
reported that they listened some of the time, and 3 said they never 
listened. 
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The health aides were asked to Indicate how much Llioy It'orntul 
from listening to other health aides talking to the doctor. All oT 
the satellite village health aides indicated they learuod "quite a 
lot*' or "some/' whereas A of the 5 in the non-satellite vlJlaRcs felt 
they learned very little. A more striking difference was the response 
to the follow-up question: "Can you think of anything in particular 
you have learned from listening to medical traffic?" Six of the 9 
health aides from the satellite villages could name something specific* 
whereas none of the health aides from the non-satellite villages could 
think of anything they had learned. 

Another striking comparison was in the frequency of contact between 
the village and patients from the village who are away in the hospital* 
All 9 of the satellite villages reported that they get news of patients 
in the hospital most of the time, and all said that they get news more 
often this year than last. In contrast, in the non-satellite villages, 
2 health aides said they heard most of the time, 2 some of the time, 
and 1 almost never. Four of the 5 said this was about the same fre- 
quency as last year. 

For some aspects of the health aides* work, communication seems 
to be one of several influential factors. For example, 7 of the 9 
health aides from satellite villages and 4 from non-satellite villages 
felt more confident in their work this year than last year. Contact 
with a doctor was the most frequently cited reason. 

6. Hospital Admission Records 

One possible effect of improved medical communication is a change 
in the number of hospltallzatlonSt Unfortunately, it would be possible 
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to rationalize changes in either direction. Improved communication 
could result In transportation being arranged more quickly and more 
patients getting to the hospital who wouldn't othervise. Improved 
medical care thus could mean more, rather than fewer, hospitalizations. 
On the other hand, improved medical care in the villages may reault 
in fewer cases progressing to the point where hospitalization is 
necessary. Or the knowledge that reliable communication Is available 
to discuss cases with a doctor may result in fewer hospitalizations 
in marginal caoes. 

Although interpretation of results must amount to post hoc expla- 
nation rather than hypothesis te8^:lng, hospital admission records 
were examined at the four major hospitals serving patients from the 
Tanana district: the Tanana Hospital, the Alaska Native Medical Center 
in Anchorage, and Fairbanks Memorial and Bassett Army Hospital in 
Fairbanks. Following the quasi-experimental design of before-after 
comparisons with a control group, hospital admissions of patients from 
the 9 experimental villages were compared with hospital admissions 
from 7 control (non-satellite) villages for the year preceding and 
the year following introduction of the satellite communication system. 

The number of hospital admissions from satellite villages 
declined by about 2.5 patients per village per year (from 38.6 to 
36.1) while the number of hospital admissions from non-satellite 
villages was increasing by about the same amount (from 13.7 to 16.4). 
This difference is not statistically significant, given the small num- 
ber of cases on which these statistics were calculated. If the trend 
turns out to be consistent, then a claim could be made that the 
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satellite communication systcra has the potential of saving health 
dollars by reducing the numbev of hospitalizations. 

7. Types of Cases Treated by Radio 

Prom the radio logs at the Tanana hospital It was also possible 
to obtain a crude indication of the kinds of cases treated by radio. 
The variation Is considerable > and It was not always possible to code 
reliably from the brief data in the radio log; consequently, the 
number of cases coded into the "other*' category is considerable. 
Nevertheless » the data presented in Table 3 provide a general Indi- 
cation of the kinds of cases treated via satellite radio and by HP 
radio. 

8» Future Plans 

Use of the experimental satellite communication system is 
continuing on a daily basis in the Tanana Service Unit of the Alaska 
Area Native Health Service . In April of 197A a new experimental 
satellite, ATS-F, will be launched by NASA. That will permit nearly 
a year of experimentation with two-way video teleconsultation services 
from remote medical facilities at Port Yukon and Galena to doctors at 
Tanana and Fairbanks • Fort Yukon and Galena are local transportation 
centers. It is planned to use ATS-1 voice communication for scheduling 
of ATS-F video consultations, including arranging for patient travel 
from outlying communities to Galena and Port Yukon. ATS-1 will also 
be used for data communication to permit on-line retrieval of problem- 
oriented medical records of Tanana Service Unit patients from an 
Indian Health Service computer in Tucson^ Arizona. Continued use of 
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ATS-1 capability in other Tanana Service Unit conununitics will be 
essential to provide an audio-only control comparison for the video 
teleconsultation experiments. 

9. Discussion 

The health aides and physicians in the Tanana Service Unit have 
accepted the ATS-1 satellite capability as an integral part of their 
on-going health care delivery system. The regional native association» 
The Tanana Chiefs, has requested that additional ATS-1 ground stations 
be installed In communities still lacking reliable voice communica- 
tlon^ The HF radio system for medical communication In the region has 
fallen into disuse. As long as the experimentation continues, the 
native peoples of the I'egion are benefitting from the Improved quality 
of health care* 

The apparent success of the ATS-1 medical communication experi- 
ments leaves the sponsors of the experlnjent and the Indian Health 
Service with a severe moral problem, ic would be cruel to terminate 
the experiments without providing a replacement communication system 
that can at least provide a way for the people In remote communities 
to contact a doctor* But technical failure of the old (1966) 
satellite is certain to come at some point, even if the pressures to 
terminate the series of experiments before satellite failure are 
successfully resisted. In the opinion of some observers, satellite 
failure or administrative termlnatioii could have the same effect of 
leaving the health care communication system in a worse state than it 
was before the experiment, while the native conmunltles have been 



given much higher expectations concerning appropriate standanls 
of service. 

The major recommendation of the ATS-1 evaluation is that tlie 
Indian Health Service > possibly in conjunction with the sponsors of 
the experiments it has pertaltted in their health care system, should 
undertake a planning study to determine the most cost-effective vay 
of providing an operational system for health communication in Alaska. 
Such an operational system might serve other remote and isolated 
areas in Alaska in addition to those now benefitting from experi- 
mental service. It could be based on a combination of terrestrial 
links and satellite links utilizing services from one of the several 
U. S« domestic satellite companies now in existence. 
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ATTACHMENT Xr. 6 

SPECIFICATIONS FOR A SMALL SATELLITE COVIMUNICATIONS EARTH STATION 

1.0 tfn^RODUCTION 

This document establishes the specifications for a small satellite com 
munications earth station (ES) intended for simplex message service in a multi- 
station communications network. The ES provides frequency modulation and fre- 
quency translation from voice frequency (VF) to RF on the trrnsmit side and 
provides f>-Gquency translation fro.ni RF to VF including demodulation on the 
receive side. The equipment shall perform the functions of VF processing 
(compandor), modulation, carrier frequency change, up and down conversion, and 
demodulation. 

The ES transmissions shall be controlled by a push-to-talk switch. 
Frequency control shall be by mean? of a self-contained, 5 MHz, high-stability 
reference oscillator. All carrier and conversion frequencies used in the ES 
equipment shall be referenced to this oscillator. 

The ES equipment shall be capable of duplex operation (although only 
simplex operation will be used initially). It shall be possible to equip the 
station to permit independent choice of up to ^ transmit and 5 receive frequenci 

2.0 APPLICABLE DOCUMENTS 

The following documents are part of this specification to the extent 
stated herein. The technical documents are listed in order of precedence, this 
specification having the highest precedence, 

a) Statement of Work for ES equipment 
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3.0 CONFIGUUATION 

3.1 SYSTEM 

The satellite communication network consists of a number of earth 
terminals interconnected by the satellite such that any terminal can communicate 
with any other through the satellite. In its simplest form all stations In 
the network transmit on the same frequency and receive on the same frequency 
in a party-line type of operation. One station, designated as the master 
station, provides the network control and directs the remote stations in their 
operations. Each station is equipped with the capability of preempting the 
system operation in an emergency. Frequency modulation shall be used. 

3.2 EARTH STATION BQUIPMEOT 

The functional configuration of the ES equipment shall be as shown in 

Figure 1. The transmit equipment shall accept VF inputs, provide VP processing, 

carrier generation and modulation, and a modulated RP output at the designated 

frequency in the 5925- to 61+25-MHz range. The receive equipment accepts input 

signals in the 37OO- to l+200-MHz range, and provides demodulation and VF pvoces- 

» 

sing to obtain a VF output. 

The equipment shall be designed to accept alternately a l*-wire telephoi 
line input/output or a local microphone and speaker with the option that earphon< 
may be used instead of the speaker. ^ 

3.3 LOCATION OF MAJOR SUBASSEMBLIES 

The antenna is to be located in an outside environment which may be up 
to 100 ft. from the transmit and receive portions of the station. The low noise 
transistor amplifier is to be located on the antenna feed as close to the 
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feedpoint as possible. The interconnection betwo^^n antenno/preomplif ior nnd 
the other equipment is to be by meons of waveguide except, that in the case of 
a very short distance, coaxial cable may be used between the preamplifier and 
the remainder of the receive equipment. All waveguides and air dielectric 
cables shall be pressurized with dry air. 

The low power transmit equipment and the receiving equipment and the 
transmit TWT amplifier are to be in the same enclosure and will be in a protected 
environment. 

^.0 PERFORMANCE REQUIREMENTS 

This section contains the pertinent performance characteristics of the 
ES equipment as well as its electrical interfaces. Performance requirements are 
subdivided into six categories, namely; general, transmit, receive, looped, 
compandor, and interfaces. Because of the difficulty of measuring some of the 
performance characteristics when the compandor is included, the looped parameters 
apply to a non-compandored condition unless otherwise indicated. These parameters 
can be measured quantitatively. The compandor characteristics listed are derived 
from the applicable sections of CCITT Recommendation O162. 

kA GENERAL 

'♦.l.l Radio Frequency Allocation 

The transmit and receive operating frequencies will generally be 
2225 MHz apart. The exact frequencies will be supplied at the time an order 
is placed. 
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'^•^•S Operntional Receive Flux Density ; -156 dBw/m . Under this condition 
the minimum uncor^panclored tcst-tone-to-noise ratio (TT/N) is 32 dB, unweighted, 
including preemphasls« 

^♦•1.3 Degraded Receive Flux Density ; -158*1+ dBw/m^. Under this condition 
the minimum uncompandored TT/N is 20 dB, unweighted; including preemphasis, 

ll.l.U Channel Plan 

Each ES equipment is, to be designed so that it may eventually be 
switched to any one of up to 5 preselected frequencies. These RP channels will 
be spaced 25 kHz center-to-center and will all lie within a 200-kHz band. (Note 
that this band will support 8 channels, but it is not the intention that the 
equipment be made to be switchable to more than any 5 of these 8«) The selection 
of frequencies in the transmit and receive directions are to be independent of 
each other, although, in general^ the centers of the 200 kHz wide bands will be 
different by 2225 MHz. 

i+.1.5 Type of Operation . 

The operational system for which this equipment's designed may be 
either simplex (communicating stations transmit alternately on the same frequency) 
or duplex (communicating stations transmit simultaneously on different frequencies), 

^•1«6 Emphasis 

Emphasis shall be provided across the 300-3^*00 Hz transmit voice band 
following compression. This emphasis shall be 6 dS/octave, Complementary de-emphasis 
shall bo provided in the receive equipment preceding the expander* 
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h»2 TRANSMIT 
1*.2.1 Frequency 

The transmit carrier frequency will be in the band 59^- to 61+25 ^^Hz. 
The exact frequencies for which the equipment is to be furnished will be supplied 
at the time an equipment order is placed. 

If. 2^2 Stability 

The transmit carrier is to be referenced to a high stability 5 MHz 

oscillator. The transmit carrier shall have the same stability as this reference 

-3 -3 

oscillator. They require stability of better than 1 x 10 /day and 5 x 10 /month. 
Means shall be provided for easy access to the tuning adjustment on the oscillator 
to permit periodic resetting of the precise oscillator frequency, 

h»2.3 Occupied Bandwidth 

The modulated transmit carrier shall be contained in a band not to 
exceed 21 kHz, Over deviation protection shall be included in the transmitter 
to prevent emissions outside of this band« 

k»2»h Spurious Outputs 

The specified 25 kHz band shall^contaln 99^ of the radiated power. 
No discrete signal shall exist outside of this band which contains more than 0«25^ 
of the total radiated power. The mean power of omissions shall be attenuated 
below the mean output power in the 25 kHz band in accordance with the following 
schedule. 

(1) from 12,5 kHz to 25 kHz away from the center frequency: at 
least 25 decibels ; 

(2) from 25 kHz to 62*5 away from the center frequency? at 
least 35 decibels; 
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(3) greater than 62«5 ^^z away from the center froquoncy: at 

least ii3 plus 10 Logj^Q (mean output power in watts) decibels 
or 80 decibels^ whichever is the lesser attenuation, 

11.2.5 Deviation 
l4*2.5.1 Telephone Test Tone 

The peak-'to-peak deviation of a 1 kHz test tone of -5 dBmO level 
applied at the telephone interface as described in Section I+.6.3 shall be 
10.1 kHz. 

. 2 .5 . 2 Microphone 

When the microphone is used, the VP gain shall be adjustable so that 
modulation peaks will cause a peak-to-peak deviation of l3 kHz. 

14.2.6 Push-to-Talk Operation 

A switch is to be included with a microphone which will control the 
transmit carrier such that when the switch is in the off position, the transmit 
level will be at least 50 dB lower than when the switch is in the on position. 
Circuitry shall be provided to limit any single push/talk time to 3 minutes 
without recycling (disengaging the push-to-tnlk switch and then re-engaging 
the push-to-talk switch), 

U.2i7 Pre emption Capability 

A preemption switch shall be included on the panel of the transmit 
equipment wl\ich shall provide modulation of the carrier at full deviation by 2 
tones. These 2 tones are to be of equal level, their use being intended to pre- 
vent accidental triggering of preemption detectors by Voice modulation. 
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RECEIVE 

. 3 • 1 Noise Figure of Equipment 

The noise figure of the electronic equipment shall be such as to 
achieve the desired test tone-to-nolse ratios with the RP flux densities 
specified in Sections l|.1.2 and l|.l,3. In no case, however, shall the noise 
figure of the equipment be greater than 5 dB when measured at the interface 
between the antenna feed and the transistor preamplifier • 

^•3,2 Noise Bandwidth 

Noise bandwidth of the receive equipment shall be 21 +O.5 kHz» 

1*»3»3 Spurious Responses 

The equipment shall not respond in a measurable fashion to any other 
signals which may be present in the satellite* Adequate filtering must be pro- 
vided to insure against interference from adjacent RF channels (spaced as closely 
as 25 ^Hz) or from other satellite signals outside of the nominal 200 kHz bandwidth 
The receive equipment shall not be degraded in the presence of the 6 GHz transmit 
carrier, since the equipment may alternately be used in full-duplex operation* 

k*3^h Receive Preemption 

The receive side of the earth station equipment shall include two VF 
filters with appropriate detectors and logic so that reception of high level tones 
on those two frequencies will cause a red light to appear on the front panel of 
the equipment. In addition, a buzzer or other audible alarm will be sounded when 
these two high-level tones are being received simultaneously. 
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CC»1PAND0R 

•4.^.1 Definition nnd Valuo of the ^tJnarfectod Lovcl" 

The unaffected level Is the RF deviation which remains uncliangcd 
whether the circuit is operated with or without the compandor. The unaffected 
level shall be -5 dBmO at the telephone interface corresponding to a peak-to-peak 
RF deviation of 10*1 kHz when the modulating signal is a 1000 Hz tone. 

k.h»2 Ratio of Compress i on and Expansion 
h.k*2A Compression Ratio 

The ratio of RF deviation change to input signal level change shall be 
+0.5 dB/dB. Departure from the transfer characteristic having this ratio^ referenced 
at -5 demO, 1 kHz, shall fall within the limits shown in Figure 2* 




The upper limit shall apply for modulation rates between 200 and l+OOO Hz, the lower 
limit between 30O and 3I+OO Hz. 
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I*»l^.2.2 Expansion Ratio 

The ratio of the receiver output level change to RF input deviation 
change shall be +2 dB/dB. Departure from the transfer characteristic having 
this ratio, referenced to -5 dBmO> shall fall within the limits shown in 
Figure 3 modulation frequencies between 3OO Hz and 31^00 H2» 
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1<.1|,3 Transient Response 

U.U«3.1 End-to-End Transient Distortion 

The receiver output overshoot (positive or negative) shall be less than 
+20^ when a 2 kHz transmitter input signal level is switched between dBmO and 
-l6 dBmO in either direction. 



3. 2 Compressor Attach and Recovery Times 
i*.i*.3«2.1 Compressor Attack Time 

The RF deviation shall settle to within I.5 times its steady state 
value In 5 ""s or less when a 2 kHz transmitter input signal is switched from 
<^ S dBmO to -1* dBmO. 

hKJC 



A-231 



U.U«3*2^»2 Compressor Recovery Time 

The RF deviation shall settle to 0,75 times its steady state value in 
22»5 milliseconds +20^ when a 2 kHz transmitter input signal is switched from 
dBmO to -l6 dBmO, 

I4.5 PERFORMANCE 

An RF-to--RF loop through a test translator is implied in the following 
performance requirements unless otherwise specified, 

kt^ul Voice Frequency Response (with compandor ); +1 dB 1^00-3000 Hz 

+1 -3 300-3^00 Hz 

i*»5«2 Impulse Noise (non-compandored) 

With an input level corresponding <;o the nominal receive flux density of 
Section '^♦l.S^ the VF output shall have an impulse count which does not exceed 

impulses per 30 minutes above a level of - dBmO« [Bidder 

to specify performance] 



i**5»3 Harmonic Distortion (with compandor) 

With an input ^000 Hz test tone which produces an RF output of 6 klfz 
peak-to-peak^ the harmonic distortion of the received VF output shall not exceed 
2 percent. This distortion shall include the rms addition of both 2000 and 3OOO Hz 
components • 
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I4.6 ELECTRICAL lOTERFACES 

I1.6.I Transmit (RF) 

a. EIRP. The effective isotropic radiated power of the station to 

f 

Tx 

the satellite shall be not less than 56.8 + 20 log ^q^q dBw over the range from 
5925 to 6^25 Mllz, This EIRP is the summation of the output power of the T\VT 
amplifier and the antenna gain at the transmit frequency less the interconnecting 
waveguide losses. This requirement is for any frequency in the 5925- to 61|25 MHz 
band. 

b. Transmit amplifier output power. The TWT amplifier must provide 
enough output power to meet the required EIRPs. In no case, however, shall the 
maximum power at the output flange of the TWT amplifier be less than 30 watts 
when at full output power at any frequency in the 5925- to 6^25 MHz band. 

c. Antenna Gain. The antenna must have adequate gain to meet the 

EIRP requirement. In no case, however, shall the gain be less than 1|3.0 + 20 
^Tx 

log^Q ^000 across the 5925- to 6l|25 MHz band, 

d. Polarization. The transmit polarization is to be linear, with a 
cross polarization lesc than -25 dB over the 3 clB beamwidth, The feed is to be 
mounted in such a way that the polarization can be set at any angle with respect 
to the local horizontal, 

U.6.2 Receive (rf) 

a. Receive Level, The receive flux density is that nominal value 
specified in Section U.1.2. 

b. Dynamic Range. The receive flux density may vary +5 dB from the 
nominal value, 

c. Tho frequeKcy range will be 37OO- to U200 MHz« 
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d. AuteiMia Gain, The antenna must have adequate gain to meet the TT/N 
versus flux density requirements. In no case shall the antenna gain be less than 
39-5 + 20 log^^ -1^—^ dBi over the band from 37OO- to I470O mz. 

e. Polarization. The receive polarization is to be linear and positioned 
at right angles to the transmit polarization. It is to have a cross polarization 
less than -35 dB over the 3 dB beamwidth. The receive polarization is to remain 

at right angles to the transmit polarization as the feed is set at any angle with 
respect to the local horizontal. 

f . Isolation, The antenna is to provide at least 25 dB isolation 
between the transmit feed connector and the receive feed connector. 

U.6,3 VF (Telephone) 

a. Impedance. The transmit and receive impedances shall be 6OO ohms 
with return loss greater than 20 dB between 3OO and 3U00 Hz. 

b. Transmit Level. The equipment shall be capable of accepting any 
telephone transmission levels between 0 and -16 dBr » 

c. Receive Level. The equipment shall be capable of delivering any 
receive transmission level between 0 and +10 dBr. 

HmO^U Frequency Control 

Frequencies of all oscillators used in the equipment shall be referenced 
to the 5 MHz station reference^ The exact receive frequency shall be capable of 
being adjusted +25 kHz in 5OO Hz steps from its nominal value to account for drifts 
in the satollito transponder oscillator. It shall be possible to make this adjust- 
ment by transmitting the signal to the satellite and making the adjustment while 
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watching an internal meter on the equipment, Rogar<Ucss of Iho setting of tlic 
adjustment for compensating fox* satellito transmission oscillator drift, the 
oscillators in the receiver shall be referenced to the 5 MHz oscillator. The 
periodic readjustment of the exact receive frequency shall not require any 
external test equipment. 

k,6.6 Antenna Pattern Requirement 

In addition to the gain required to meet the performance limitation, 
the antenna is to meet the following sidelobe specifications. Note that there 
are two specifications; high performance and regular. Bidders may respond to 
either or both specifications. If they respond to both, they should indicate 
the price difference between the two options. 

a. Regular. Outside the main beam, the gain of the antenna shall lie 
below the envelope defined by: 

32 - 25 ^^^i^i^) ^B: 1^4 0 4 19^ 
0 dBi 19° < 0 < 180^ 

b. High Performance 

32 - 25 logio^^^ "^^^^ l'' < 0 ^ 
-10 dBl: kQ < 0<l8o° 

where 9 is the angle in degrees from the axis of the main lobe, and dBi refers to 
dB relative to an isotropic radiator. For the purposes of this section, the peak 
gain of an individual sidelobe may be reduced by averaging its peak level with 
the peaks of the nearest sidelobes on either side, or with the peaks of two 
nearest sidelobes on cither side, provided that the level of no individual sidelol 
exceeds the gain envelope given above by more than 6 dB. 
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I4.7 ALARMS AND CONTROLS 

h.J^l Loss of Transmit Phase Lock 

The transmit carrier shall automatically be turned off in the case of 
any loss of phase lock in a phase-locked loop used to reference the transmit 
carrier to the ^ MHz oscillator. Loss of any phase lock transmit or receive 
shall cause a red lamp to glow on the front of the equipment. 

^*7»2 Remote Meter 

A meter whose reading corresponds to received carrier level shall be 
provided external to the electronic equipment with wire installed in place so 
that the meter can be used at the antenna for aligning the antenna to the satellite. 

Deviation Warning 

A lamp shall be included on the front panel of the transmit equipment 
to indicate excessively high input voice levels v^hich would result in distortion 
iJ the over-deviation prevention circuits. 

5-0 OPERATIONAL REQUIREMENTS 

The satellite local oscillator drift must be capable of being corrected 
in the operational system as described above in Section The frequency of 

this adjustment is expected to be no more often than every 3 months and the 
simplicity of these adjustments is of critical importance in the design of the 
station since it is expected that this drift correction will be made by non- 
technical personnel, perhaps while being guided through the communications link 
by the master station. 
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It sholl be possible using the master station as a reference to check 
the accuracy oC each local 5 MHz reference, it shall be possible to adjust the 
reference at the station without the use of external test equipment and the 
means for doing this shall be included in the equipment design. 

The equipment shall include a preemption capability as described above 
in Sections k.2.7 and h.^.h. The purpose of this preemption capability is to alio 
any station to interrupt traffic which is being transmitted and, by this means, 
to provide for emergency service even though the simplex channel is in use at the 
time that the emergency arises, 

6.0 RELIABILITY 

The equipment shall be designed with the following objectives: 

a. The stations will generally be operated by non-technical personnel 
and equipment failure will result in a loss of communications to the community 
served by the station. It is incumbent, therefore, that a conservative equipment 
design be used and that the equipment be of high quality workmanship and osi^ high 
quality components throughout. 

b. Maintenance will be by means of replacing equipment subassemblies, 
that is, by complete replacement of the transistor preamplifier, transceiver 
equipment, or the TWT amplifier. Internal metering shall be provided to permit 
ready identification, where feasible, of the failed subassembly* 

c. Repair of major subassemblies will be done in a central depot where 
technically competent personnel and suitable test equipment will be located. The 
design shall, where possible, permit this depot repair of the respective subassem- 
blies . 

d» Attention of the bidder is drawn to the warranty requirements of 
the Statement of Work, 

ERLC 
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7-0 MECHANICAL RKQUIREMKN^fS 

7 . 1 GENERAL 

The ES equipment shall be mounted in an attractive cabinet wlioso ovornll 
dimensions shall be the minimum required for the equipment, Interconnecting 
cables and waveguides among the subassemblies shall be suitable for installation 
in an environment which does not provide full mechanical protection to the cables 
and waveguide. A mechanically-rugged approach is desirable. No rotating equip- 
ment (such as fans) shall be used in the design of the ES equipment. 

7.2 FINISH 

The final finish on front panels shall be a gray semi-gloss enomol with 
black silkscreen markings. 

7.3 SIZE 

7»3»1 Transistor Preamplifier 

The transistor preamplifier is to mount at the antenna in the environment 
spc?cified below in Section 3.1, It is anticipated that oven-heating will be 
required for the transistor amplifier. 

7 • 3 • 2 Transceiver and TWT Amplifier 

The transceiver and transmit TWT amplifier are to be in a cabinet in a 
protected environment, 
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5.0 ENVIRONMENTAL REQUIREMENTS 

3.1 EQUIPMENT WITHOUT ENVIRONMENTAL PROTECTION 

The equipment mounted outside of the building shall be able to operate 
to cpecif ication in ambient temperatures of -6o°C to +50^0. This includes the 
antenna, transistor preamplifier, and interconnecting cables and waveguide. This 
equipment shall be capable of withstanding temperatures from -6o°C to +60^C in a 
non-operating condition without damage. 

3.2 ANTENNA ENV^RON^!ENTAL SPECIFICATIONS 

The antenna is to maintain its normal performance with winds up 
to mph, up to l/k inch radial i^e, and up to U inches vertical snow fall. 

The antenna degradation in transmit gain and receive gain (including 
surface distortion and pointing error) is to be less than U dB with winds up to 
85 mph, up to 1/2 in radial ice and up to 6 inches vertical snow fall. 

The antenna is to survive with no permanent deformation with winds up to 
120 mph, up to 1 inch radial ice, and up to 12 inches vertical snow. 

3.3 PROTECTED eQUIPMENTT 

Equipment which is intended for operations within a sheltered environ- 
ment (the transceiver and power amplifier) shall be capable of operating between 
temperatures of 0 and 50^C without performance degradation. This equipment shall 
also be capable of withstanding temperatures between -60^C and •f60^C in a 
non-operational condition without damage. This equipment shall operate satisfac- 
torily in a relative humidity of up to 95^ at temperatures to 35°C. 
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9»0 POWKR 

The ES equipment shall bo designed to operate from dc voltages between 
-21 and -32 Volts (positive ground^:. In a non-transmit (i.e., idle) condition, 
the current drain of the ES equipment shall be less than 2 amperes; in a transmit 
condition the current drain shall be less than 10 amperes. The equipm^int shall 
be capable of operation over the entire dc voltage range without readjustment 
by the operator while meeting all of its performance specifications, 

10.0 TEST PROGRAM 

10»1 GENERAL 

This section lists tests which are to be performed in the factory prior 
to shipment. The tests denoted by an asterisk are those which need be performed 
on the first deliverable unit only. These tests may bo deleted from subsequent 
units providing the first unit passed the indicated tests with no difficulty 
or rework « 



10.2 PARAMETERS TO BE TESTED 

10.2*1 Transmit 

a. Frequency Stability* 

b. Occupied Bandwidth 

c. Overdeviation Protection 

d. Spurious Outputs* 

e. Telephone Deviation 

f. Voice Deviation 

g. Push-to-Talk Operation 

h. Preemption Capability 
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10.2.2 Receive 

a. Noise Figure 

b. Noise Bandwidth 

c. Spurious Responses # 

d. Operational Receive Flux Density Test-Tone-to-Noiso Ratio 

e. Degraded Receive Flux Density Test-Tone- to-Noise Ratio 



10.2.3 



f . 


Preemption Capability 




Loop Tests 




a. 


Voice Frecjuency Response 




b. 


Impulse Noises 




c. 


Harmonic Distortion 




d. 


Compandor Unaffected Level 






Compandor Compression Ratio (over the range 


of levels) 


f • 


Compandor Expander Ratig (over the range of 


levels) 




Compandor Variation of Compressor Gain* 




h. 


Compandor Variation of Expander Gain* 




i. 


Compandor Transient Response* 





Electrical Interfaces 

a. EIRP Capability 

b. Telephone Interface Impedatice* 

c. Telephone Transmit Level* 

d. Transmit Receive Level Interface* 

e. Modulation With Microphone 

f. Speaker Volume 

g. Frequency Control 



10. 2A 
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h. Alarms and Controls 

i. Remote Receive Carrier Level Meter 
j. Deviation Warning 

10.2.5 Workmanship 

All equipments will be inspected for quality of workmanship and construc- 
tion. 

10.2»6 Mechanical 

a. Finishes 
b» Size* 
c. Weight* 

10.2»T Environmental 

The first unit produced will be fully environmentally tested to demon- 
strate compliance with requirements of Section 3 of the specification. Where 
this is not practical with the antenna, the bidder is to describe those tests 
he proposes to demonstrate in compliance with the specification. 

10.2.8 Power 

The first unit produced shall be checked across the range of voltages 
specified in Section 9 to insure proper operation across the total voltage 
range. This same first unit will be checked for idle and transmit current 
drains on the battery system. 
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11.0 DOCUMENTATION 

Documentation will be of two types j (l) an operations instruction 
manual intended for the non-technical station operator, and (2) a maintenance 
manual for the depot maintenance personnel. 

11 a OPERATIONS MANUAL 

This manual will give, in non-technical terms, instructions for operati 
of the equipment. It will include alignment instructions for the antenna and 
instructions for use of the various controls, meters, and alarms on the equipment 
The Instructions shall be in a step-by-step form with illustrations to augment th 
verbal instruction. 

11.2 miNTENANCE MANUAL 

A complete maintenance manual shall be available as a part of the ES 
equipment, This manual shall bo geared to the level of a trained technician, 
not to that of a graduate engineer. The manual shall include a technical 
description of the equipment including theory of operation of the overall equip- 
ment and of each of the separate subassemblies which make up the earth station. 
Line-up instructions shall be included in the manual, including instructions 
on how to tune frequency sensitive elements unless the tuning requires expen- 
sive jigs and/or test equipment which make field tuning impractical. A section 
of the manual shall be dedicated to troubleshooting the earth station equipment 
and shall include special instructions as may be necessary in the repair or 
adjustment of the equipment. 
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The mnnual shnll include botli block and level diat;i\iins iis a p.u-t of 
theory of operation of the equipment and detailed schematic diagrams complete with 
parts lists. Component markings on the parts of the earth station equipmei!! shull 
agree with those on the schematics and shall be arranged in orderly fashion to 
permit ready identification of the part. Standard markings shall be used through- 
out in accordance with ASME/IEEE US Standard Y32.16-1963. 

The maintenance manual shall include a list of required test equipment 
described in terms of functional requirements as well as suitable equipment by 
manufacturer and type number. The manual shall also include a listing of any 
special tools or jigs required for testing and/or maintenance of the equipment, 

11 « 3 SPARE PARTS LIST 

List of recommended spare parts for 6 months and for 12 months maintenance 
levels shall be furnished as a part of the earth station procurement. 
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ATXACHMENT XI . 7 
Central Manual Telephone Exchange 

There are several simple methods of iiftplementlng a manual telephom 
exchange at a cost small compared with the cost of the stations In th 
remote communities. The final choice of method depends on the seqiicr 
of station installations, the number of calls originating from each 
phone, the type of service desired and the destinations of the cali 

For service to the Alaskan villages there would be one telephone 
installed in each of the 120 villages not now having phone service. To 
serve these 120 telephones, rCA has estimated approximately 25 satellite 

circuits would be needed. The 25 circuits would come to one or more 
central exchanges where an operator would connect the calls through 
existing ground lines to the destinations. 

The simplest approach may be the most desirable in view of the need. 
It would be simplest to have one exchange, most likely in Anchorage. In 
the exchange four or five village telephones would be permanently assigned 
to each of the 25 circuits. The 25-circuit, bush phone service would be 
operated manually by one or two operators in the Anchorage bush phone 
exchange • 

To call a village a caller would dial the Anchorage exchange • If 
one of the four or five villages was using the line, the operator would 
report '*line busy" to the caller. Otherwise the operator would transmit 
one of five standard tone sets to ring the phone in the desired village. 
When the phone in the village is picked up the circuit is completed. If 
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the phone is not picked up (the station may be in use for medical 
comnuaications) the operator would report *'no answer" to the caller. 

When the circuit is in use, power in the circuit from the exchango 
to the village provides an '4n use" signal to the other three or four 
villages on the same circuit. This signal is used in these villages to 
lock out the telephone and give a busy signal » when the telephone is 
picked up. To make a call from the village, the caller picks up the 
telephone; if the line is not busy his station automatically begins 
transmitting to the Anchorage exchange, where the operator answers and 
dials the desired number. 

To call a village on the same satellite circuit the operator 
requests the caller to select line two on his phone. This adjusts the 
station to transmit and receive on the frequencies appropriate for 
direct telephone conversation with the other village. 

The station designed for the Indian Health Service has the 
equipment in it for this exchange alternative. The costs above those 
already included in the estimates, is the 25-circuit switchboard, 
rental of 25 voice circuits from the RCA Anchorage ground station to 
the switchboard, the 25 channel electronics at $5,000 or less per 
channel at the central exchange, and 24 hour manning of the switchboard.. 
The operator cost would dominate the switchboard cost and is estimated 
by RCA to be $65,000 per year. 

It is clear that the central switchboard is a small simple operation 
and will not be a major cost factor in the program. 

Questions have arisen about the grade of service, the probability 
of a line being free when it Is wanted. Although we tend to agree with 
estimates that 25 lines for 120 telephones is adequate; if more are 
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deslrcdi more could be acquired from the satellite. 

A more complicated technique would assign groups of circuits to 
groups of villages, three circuits to 15 villages for example* This 
would somewhat improve the probability of having a free line during 
the busiest part of the day but add the requirement of line selector 
equipment at each village. This seems to be an unwarranted choice 
in that the improvement is small« When the traffic increases to 
warrant vaore than on<> phone per village, then such techniques should 
be considered to make better use of satellite channels. 
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ALASKAN INDIAN HEALTH SERVICE SATELLITE COVM/NICATION STATION 

BASIC STATION CONFIGURATION 

The ^'Basic'^ station refers to the conf ig:uration that would be Installed 
initially in each village and field hospital to meet, health service needs* 
The '^asic" station includes features that allow easy future addition of 
optional equipment to meet expanded service needs » The basic station has 
the following characteristics: 

I . Single Receive and Transmit Channels 

The station is to have one transmit channel (modulator, frequency 
synthesizer, up converter, and power amplifier), and one receive channel 
(preamplifier, down converter, and demodulator), 

II . Frequency Agility 

The transmit and receive frequencies are to be digitally controllable. 
They are to be capable of being sot to at least 5O adjacent channel positions. 
Transmit and receive are to be controlled independently of each other. 
Settling time in switching from one channel to another two positions away 
should be less than 100 milliseconds; switching to fiity channel positions 
away may have a settling time up to 5OO milliseconds* 

The above agility requirements are to accommodste the optional addition 
of an automated direct dial telephone system. In the "Basic" station configu- 
ration for remote villages, the control digits will be hardwired to a predeter- 
mined transmit and corresponding receive channel for simplex operation. 
The *^asic^' stations at the field hospitals will have a manual switch to 
select between five predetermined transmit and corresponding receive channels 
for simplex operation. 



HI • Adjustment for Drift In Satellite Offset 

The frequency difference between transmit and receive channels is to 
be adjusted manually to compensate for long term aging in the satellite 
offset standard. Change in the satellite offset frequency is to be deter- 
mined centrally. Periodically, personnel at the remote locations will be 
asked to turn a dial to a new setting to compensate for the ratellite drift. 

Short term satellite offset drift, which occurs as the satellite passes 
through the earth^s shadow, at the equinoxes, will if necessary be compen- 
sated for manually at the central field hospital stations by temporarily 
reducing the modulation index and adjusting the receive frequency. This 
will result in at worse a reduction of signal quality for several late 
■night hours on several days twice a year. 

IV, Transmitter Power 

The transmitter will have a power level, (30 watts), that will enable 
one remote station to talk directly with another remote station. This will 
provide the normal service for the health uses. 

As an option, the drive level to the transmitter may be reduced to 
obtain lower power, (-^\ watt), from the transmitter. This level is suitable 
to transmit to a larger central station or directly to other small stations 
on a future satellite with proper transponder gain. At this level, up to 
six idditional channels could be used simultaneously without changing the 
transmitter , 

V, Baseband Processing 

The channelizing equipment is to deliver a quality voice signal with a 
carrier to noise, CAT, of 52 dbw/^k^ in a bandwidth of 20,000 Hz, The 
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equipment is to have voice-activated carriers and the equivalent of echo 
suppression for duplex operation. In the "Basic'* configuration tho station 
will be set for simplex operation and speaker and microphone are to be 
provided for push~to-talk use. The village stations are to be equipped 
with an emergency alarm button that when pushed will trip an "emergency" 
indication circuit in the field hospital. 

ADDED OPTIONS 

The basic station is as described above. Following are equipment 
options that can be added to the basic equipment to meet additional service 
needs , 

I ♦ Additional Receive Channels 

Additional receive only channels may be added to provide radio distribu- 
tion or to provide continuous monitoring of the health service channel when 
the regular receiver is not available* 

II . Added Transmit and Receive Channels 

Additional transmit-recei ve equipment, similar to that of the basic 
station^ may be added » This is to be used only in conjunction with larger 
receive stations or with a later satellite, 

III . Direct Dial Telephone 

A direct dial telephone may be added to the station to provide automated 
metered telephone service to the village. The added equipment includes a 
telephone, a supervisory unit, and an interface card to connect the super- 
visory unit to the digitally controlled transmitter and receiver of the 
station. This may be added along with a separate transmitter-receiver 
channel to the 'Basic" station. Or it may be added in a way to share the 
transmitter-receiver of the "Basic" station. 
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SYSTEM OPTIONS 

With the station options described above several system configurations 
are available. These are described below: 
1 • Basic Option^ Health Service Only 

The basic option has identical service at each location. All villages 
and the field hbspitals are on a common push-to-talk circuit. If added 
channels are required for the traffic, different service areas can use 
different channels* In this configuration each village would be able to 
hear conversations only in its service frrea; but a station at a field 
hospital could be switched to any one of the service areas. 

II . Shared Telephone Service 

Adding the shared telephone package to the '^aslc" station will 
provide direct dial telephone service to each location. The calls will 
go through a larger central station at Anchorage or Fairbanks and be 
routed through the normal telephone system. The central station equipment 
would be fully automated, including automatic billing. 

In this configuration, for calls from one village to another, the centr 
office equipment will establish a direct "one-hop circuit. The only "two-h 
circuits that would occur would be calls that the Alaska network normally 
handles via satellite, e.g., Alaska to the lower hS states. 

The telephone service would have to be interrupted for health service 
use. Priority could be established either way between the two uses but it 
is assumed that normally the health services use would have precedence. By 
adding a receive only channel for the he^^lth aide to use for the normal dfkil 



conferencing, interruption would occur only when the nido pnrt i c i pn ttMt in 
the conference to transmit messages, about 10 minutes per day. Otlior teto- 
phone calls could take place while the health aide was merely listcnlnj?. 

in. Separate Telephone Service 

Adding the telephone and an additional transmit-receive channel to the 
''Basic'' station will also provide direct dial telephone service to each 
location, Due to transmitter power limitations^ in this configuration all 
calls would have to go through the larger central station. 

A village-to-village call would incur a "double hop". Similarly, the 
simplex health service line would have to have a "double hop". The effect 
of this added delay on the conversations is not known, inhere would in 
addition to this difficulty, be extra costs due to the use of twice as 
many satellite channels. 

In this case there would be no interruption of telephone service for 
health communicatioiis « 

IV. Mixed Telephone Service 

It should be noted that the three configurations described above can 
be used simultaneously; i.e., stations with health service only or with 
shared or separate telephone service work in the same system, 

V. Central Telephone Enulpment 

The central telephone equipment for the direct dial service would 
consist of a control terminal and a connection to a larger multi-channel 
satellite station. Cost estimates are preliminary but indications are that 
the central terminal and channel equipment would cost from ^100,000 to 
^120,000. If the larger ground was located near the telephone control 
terminal and served exclusively for the telephone service the satellite 
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ground station cost would be less than $50,000. The total central station 
cost including dedicated ground station should cost between $150,000 and 
$170,000. Alternately, the present RCA stations could be used. It is not 
Clear whether the rental of lines fron, a present RCA station and a share 
Of the station cost would be less expensive than a new station. 

The central telephone equipnient and the telephone to be added to the 
stations in the villages are based on Motorola.s Improved Mobil. Telephone 
service (ims) equipment. Their Pulsar central terminal equipment contains 
automated dialing, billing and revertive (mobile to mobile) call capability 
The remote IMTS telephone equipment will simply interface with the basic 
ground station design. The central station equipment costs from $3o,000 
to $120,000 depending on the options. The remote telephone equipment 
would cost about $300. (Only the handset and supervisory unit would 
be used with the satellite ground stations.) 
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ATTACHhDSNT XI. 9 



ALASKANS COMMUNICATION NEEDS 
AND POTENTIAL SOLUTIONS UTILIZING SATELLITES 



Howard Hupe 
Alaskcin Project Officer 
HEW/OTP 



Ihis is a preliminary staff study paper written for consideration by 
the Joint Committee on Telecommunications and other interested parties. 
It is incomplete, and represents a first draft of what should eventually 
be a much more comprehensive and detailed study. The final report will 
benefit from the comments of the committee and others and will then be 
suitable as an input into official DHEW Telecommunications policy. 
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Background 

Alaskan native populations are probably the most isolated i poorly 
servedf and educationally and medically disadvantaged of Americem citizens. 
The State's geography / population patterns, and harsh climate are largely 
to blame for this. People live in primitive villages r typically of a few 
dozen to e\ few hundred in population* Transportation is poor at best, and 
almost non-existent much of the year* Communications is made highly 
expensive and unreliable by geographical and atmospheric conditions. 
Particularly serious needs are for emergency medical communications, health 
aide — physician consultation in routine health maintenance and treatment, 
educational programming from pre-school to professional level, cultural 
and informational radio and TV service, and ordinary telephone communications. 
There is wide- spread agreement that the most viable and cost-effective 
solution to many of these problems is telecommunications, in particular 
communications satellites. 

Beyond this general agreement, however, lies extensive disagreement 
on ways and means of providing such services. The disagreement is genuine 
and is based on a complex of interactive technical, financial, regulatory, 
and oUier factors* This is further compounded by uncertainties about near* 
term technical developments, intents of interested actors, future policy 
decisions and other factors. In spite of these real difficulties, decisions 
must be made immediately if any aervice is to be provided within the next 
year or two. One of these decisions involves DHEW^s role in influencing and 
utilizing the satellite telecoinnunications in Alaska. 

« 

o 
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Alaska needs clearly are broader than DHEW's areas of responsibility. 
A telephone system serves countless purposes and television service will 
serve entertainment and informational needs as well as educational, health 
and social services. However, it is clear that only by sharing whatever 
facilities are planned can the various needs be met at a feasible and cost- 
effective price. Within the constraints of limited funds and small 
community size, only one telephone system and one television system is 
practical. Thus, DHEW, if it is to play any role, must participate in the 
overall system design to assure that its responsibilities and interests 
will be adequately served at the minimtjm cost coir^atible with satisfactory 
service. 

Alternative Solutions 

'Ore best solution to Alaska's communication 3 needs is, at the moment, 
difficult, if not impossible, to determine. One reason for this is the 
large number of unknowns and uncertainties facing the decision maker. One 
of tl-iG major causes for uncertainty is the lack of reliable technical and 
cost data on which to base analysis. There is only one way to clarify this 
issue and that is to enter a competitive market situation where service and 
hardware suppliers bid and negotiate service, product, terms, and prices. 
*niis implies that Alaska must consider a veuriety of alternative approaches 
to filling its telecommunications needs. Attempting, at considerable risk, 
to organize and simplify what is a very complex situation, we "*an describe 
three major approaches {with minor variations on each) to a satellite 
telecommunications system for Alaska. These group themselves around three 
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opcratin<j frequencies: 2*5/Xi 4/6 and 12/14 GHz. 

The 2.5/X system ; This is the same frequency band as is to be used 
with the ATS-P. A satellite (the ATS-F') of the same type as the ATS-F 
could probably be launched within a year and could serve the existing (18) 
stations in Alaska. Additional stations could be added at low cost ($5000 ea) 
at the villages not now served by the ATS-F. This satellite* which is already 
partially builti has a beam pattern (e£u:th coverage) which could adequately 
serve roost of Alaska with excellent TV and telephone service and simultaneously 
provide interconnects with points in the northwest continental U.S. The 
technology may be considered moderately well developedi and will be fully 
tested within the year. Such a satellite would essentially be an extension 
of the ATS-F project i possibly using more sites » more and different services # 
and possibly greater efficiency, as it could dedicate its entire capacity, 
24 hours/day, to service Alaska. Another possibility is the sharing of its 
use with the other ATS-F HET participants in the Rocky Mountains and 
Appalachia. However, this would not permit 24 hour/day emergency telephone 
communications in Alaska. 

The original ATS-F satellite may well have a life span of several 
years and be able, once it completes its year serving India, to return and 
serve Alaska and/or the other U.S. participants. This would still leave a 
gap of one year in the U.S. service. This gap could be filled (if the F' 
could be launched on time) and result in a several year period where two 
satellites were available to service Alaska^ the Rocky Mountains, and 
Appalachia, or even other experimenters. At the end of the somewhat 
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unpredictable life span of the F and satellites, a new satellite could be 
launched to continue the service. 

Hie main disadvantage of the 2»5/X GHz system is the cost of the 
satellite in order to serve a region as "small" as Alaska. At this 
frequency a large satellite antenna is required. This is itself expensive 
and requires a large and expensive launch vehicle. Overall the cost could 
be about three times the cost of alternative systems and would make the cost 
of a "back-up" (in case of failure) satellite in orbit, or even on the ground, 
of questionable feasibility. To avoid this problem a 2.5 GHz satellite with 
a small antenna could be purchased for far less cost. This would cover the 
entire U.S., plus Alaska, but in so doing would dissipate much of its power 
over the large area so that a much lower (perhaps even marginal) quality TV 
would be possible. There would be a distinct adva)itage in this nationwide 
coverage option in that TV programrning, a critical factor, could be mutually 
sheared among all participating states. This would bring more high-quality . 
general purpose educational programming to Alaska, but would limit service 
of Alaska's unique needs. Such a scheme is also dependent on the simultaneous 
development of a social service satellite project on a nationwide basis and 
is thus organizationally, politically, and administratively more complex 
and problematic. 

The system is called the 2.5/X because it is not known what 
uplink frequency (X) would be used. The present ATS-F uses the 2^25 GHz 
band for uplink, but Is doing so only on a temporary and conditional 
license since this frequency use on uplink may interfere with 

o 
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other important uses. It is improbable that continued use and/or an expanded 
number of sites in Alaska or elsewhere would be regulatorily possible. If 
not, then another frequency (e.g.# 6 GHz) would have to be used. This brings 
up proble'"'? which will be discussed in the 4/6 GHz system. 

The 4/6 System : This is the standard comanercial system. An existing 
Canadian satellite (Anik), a U.S. satellite (Westar) and another proposed 
U.S« satellite {by RCA) are possible service providers. Thus, satellite 
capacity exists today and is highly developed. Basic telephone service may 
be possible with relatively inexpensive tetminals ($20,000). Such a 
technology has been experimentally developed and demonstrated. Provision of 
TV over such inexpensive stations and using standard communications satellites 
is highly questionable* Most probably TV would require larger and considerably 
more expensive ground stations. The fact that the satellite capacity exists 
and will increase removes the immediate capitalization problem for Alaska 
whose cash flow will be large a few years from new, but is presently 
minimal. Also, the general purpose nature of the satellite capacity means 
that Alaska need only pay for whatever use is required at any time. This 
system offers potential immediate service and is the only one to do so. In 
practice this may be of less importance since the bidding, selections, manu- 
facturing and installation process make any real service offering much 
less than one-year almost impossible. 

Television service using expensive ground terminals will probably be 
prohibitively expensive for most villages*. Thus, a major need and goal of 
Alaska will not be met. Raising satellite power to make it compatible with 
less expensive ground stations may be expensive due to lack of established 

O 
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hardware at the frequency. Also it is questionable whether regulatory 
considerations (FCC) will permit either high-power satellite transmissions 
whidi might interfere with ground or other satellite service in this 
heavily used commercial frequency or small earUi stations which might 
scatter upward transmissions over large areas of precious orbital space. 
The terminals^ though "inexpensive" relative to commercial installations, are 
still more expensive than competing systems discussed here, mostly because 
there are limits imposed on satellite power, uplink power, and antenna size, 
not by the technology per se, but by the heavy use of this frequency band. 

The 12/14 System > This high frequency band is lightly used at present. 
Therefore, very high power satellites may be used in conjunction with quite 
small low-cost earth stations. Present estimates of receiving TV earth 
station cost are about $1500 within a year or two and eventually in the 
hundreds of dollars range. Local ground trcmsmitters can be made cheaper 
than at other frequencies, because of the very low output power requirements. 
Also they consume much less electrical power - an important consideration 
in the bush. The high frequency makes small antennas possible, both in the 
satellite and on the ground. Thus, all elements of the system can be made 
Inexpensive. Furthermore, it is possible at this frequency to cover 
efficiently almost any specified area (e.g., Alaska) with beam shaping, 
thus minimizing wasted energy transmission. There is enormous bandwidth 
capacity, so that all Alaska's communications needs for the foreseeable 
future could be handled. Clearly, there are many technical reasons which 
point to the conclusion that the 12/14 system might ultimately be th^ system 
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of choice for intra*Alaska communications. 

The greatest disadvantage of the 12/14 system is that it is a 
ne\^ technology and the least well developed of the systems discussed* The 
high power transmitter t«ibe has been developed and tested for the CTS 
(Communications Technology Satellite), a Canadian/U.S. joint endeavor scheduled 
for launch in 1975. However, this tube (a traveling wave txibe) has not been 
proven in satellite service. The low-cost ground stations are under develop- 
ment in Japan, but are not yet available, tested, or proven; nor has their 
cost been established, in fact. This is a higher risk alternative and may 
take a year or so longer to implement than other systems. 

The fact that 12/14 is suited for accurate beam coverage of Alaska, 
while making the oystem an efficient special purpose communications system, 
limits its utility for covering other areas such as the lower 48 or a 
portion thereof. This implies that the entire system (e*g. , two TV channels 
and several voice and radio channels) would be dedicated to and charged to 
Alaska. The State would be "stVJck with" the full oKpense emd thus forced 
to rapidly develop the programming, organization, service, etc., required 
for a full-time telecommunications system. This would involve considerable 
expense in money, talent, and other resources. Obviously, this system 
requires considerable organizational and regulatory consideration. 

A basically intra-Alaska system would not solve the external communi- 
cations needs of the State. There are two solutions to that problem. A 
spot beam from the satellite could be directed at a major communications 
center in the lower 48 and there interconnect with the international and 
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national system; or one or a few commercial stations r located in Alaska's 
major cities and operating with the commercial domestic satellite system^ 
could provide the interconnect* In either case^ both bush and interstate 
traffic would be covered. 

Some early (1976) experimentation would be possible at 12/14 using 
the CTS system. If a decision had already been reached to use that frequency, 
the CTS Would enable an early beginning of some sort of service. If the 
decision were put off, awaiting results of the CTS experiments, the complete 
system Would be substantially delayed. 

The Hybrid System : There is no basic reason why both voice and TV 
traffic must be accomplished on the same frequency band. It is possible 
to operate, say, the telephone system at 4/6 and the television broadcasting 
at 2»5 or 12. There are difficulties with dual-frequency antenna feeds 
which would incur additional expense and possibly performance degradation* 
It is also possible to operate with more than one antenna, if this proves 
cheaper or otherwise more desirable. While the inherent disadvantages of 
' such hybrid operation eure obvious, there could be practical advemtages to the 
overall system which would make it most cost-effective. Such a technical 
possibility deserves consideration and should not be excluded from 
alternatives to be considered. 

T^e Timing Problem cind Interim Solutions ' 

While complete certainty of information will never be achieved, it 
seems premature to proceed with a system choice without knowing the actual 
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alternatives, costs, and timing which the market will offer. It follows that 
some delay is necessary before a choice is made. Adding this to lead times 
required for specification, bidding, evaluating bids, construction, installation 
etc., it is clear that the overall system will not be achievable for 2-3 
years. Meanwhile, the need, most dramatically for emergency communications, 
but al'so importantly for educational, informational and personal communications^ 
exists right now. What limited service ATS-1 has offered has had dramatic 
results in medical treatment. Unfortunately, that satellite has outlived 
its time and may cease operating any day. Many communities have come to 
depend upon it and radio communications, never very satisfactory, have 
fallen into disuse where the ATS'-l serves. 

It is possible, and perhaps within a year or less, to initiate 24- 
hour telephone service using existing commercial satellites and fairly low- 
cost earth stations ($20,000 ea for 2-way terminals) . These could provide 
minimum interim service of voice only or equivalent fax, data, con^uter feed, 
slow scan TV, etc., until the final system was chosen, acquired and operating. 
The problem with this approach iy that some portion of the equipment may 
become immediately obsolete when the final system begins operation, that is 
assuming the final system operates at a different frequency than does the 
interim. The cost of the obsoleted (not wasted actually, but rather amortised 
over a shorter interim life-span) portion of the equipment can be minimized by 
proper specification of "convertible" equipment in selecting interim hardware. 
There is reason to believe, but no certainty, that the majority of the 
terminal equipment, in cost terms, would be used^le at any of three frequency 
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bands discussed here (as well as others if appropriate). Such "convertable** 
equipment, if manufacturers can actually deliver it to specifications, could 
reduce considerably the cost of interim service. This situation is being 
investigated in connection with an Indian Health Service project (see Tab A - 
a memo on the subject) . 

The Carrier Problem 

It is one thing to select a technology that offers the best service; 
there must also be an entity which will make that technology and that service 
available. That entity must meet the requirements of and be authorized by the 
FCC. Some satellite and equipment manufacturing companies may not choose 
or be able to operate as a communications carrier so it would be necessary 
to find or create such an entity. This process would additionally complicate 
and possibly delay the development of a satellite communication service. 
The possibility of Alaska forming a public communications utility also arises. 
This would require both substantial funds and professional talent. 

Tenta t ive Conclusions and Recommendations 

1. DIJEW's interests are congruent with Alaskans overall interests in 
seeing that an adequate telecommunications system exists to serve their needs. 

2. An integrated system serving all users is the most cost-effective 
approach* 

3. A final decision on the ultimate system cannot be mad^ until 
realistic information on availabilities, costs, and timing are available. 

4. Competitive bidding is the best and perhaps only way to obtain 
the above information, 
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5. DHEW should take the necessary steps to encourage a competitive 
bidding situation. 

6* An interim system should be considered as the only way to satisfy 
short-term Alaskan needs. A variety of users may wish to participate. 

7. Any interim system will be experimental and should be of limited 
extents at least until the technology and operating system are proven. 

8. Any interim system must be implemented so as to be convertible at 
minimum cost to alternate frequencies. 

9. DHEW should provide continuing technical/ analysis # and liaison 
support to the Alaskan telecommunications project for two reasons: 

a. To assure that any Alaskan telecommunication systeu meets 
the health/ education / and other social service needs of the 
people of Alaska in fulfillment of DH£W*s relevant responsibi- 
lities. 

b. So that the technological and service experiments and experi-. 
ence can yield benefits to other potential users/ including 
statewide/ regional/ or national social service systems. 
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ATTACHMENT XI . 10 
Review of RCA Small Station Request for Proposal 
RCA Alascom has issued a lequest for proposals to equipment manu- 
facturers foi small earth stations (RCA Alaska Communications , Inc . , 
1974). Following are analyses of some of the major aspects, of RCA's 
system design. 

(A) Station Cost 

A satellite ground station has four main components (see Pig. A). 
If a higher performance option is selected for one of the components^ 
lower price, lower cost components can be used in the rest of the station. 
The combination selected by computer optimization (Attachment XI. 4) was us 
in the Point Reyes station (Attachment XI. 5) The way RCA's request for 
proposals (Reference l) is worded does not allow this lowest cost system 
to be bid. This is best illustrated by comparing the components specifi- 
ed by RCA with the performance actually needed to provide the required 
communications . 

The channel equipment specifications (Reference 1, page 30) allows 
two approaches to be used, FM or Delta Modulation. However, the Califor- 
nia Microwave System, used by General Telephone and Electric in satellite 
stations in Brazil and Algeria, would not meet the PM specifications the 
way they are stated. 

This optimum PM equipment costs the same or scanewhat less than tho 
Delta Modulation equipment RCA specifies. Its main advantage is that it 
can provide toll quality telephone service with a signal that Is five 
time weaker than that heeded for the Delta Modulation or other FM systems, 
t^is performance allows major reductions in performance and cost of the 
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other station components. But RCA's specifications do not reflect this 
possibility. 

RCA has proposed communications only through the large stations in 
Lena Point or Talkeetna (Reference 1, page 1-3). Though this presents a 
serious time delay (Section C), we will accept it for the moment and 
contrast the specifications actually required for the optimum PM system 
with those RCA requires in their request for proposals. 

The transmitter that is suitable for this service to large stations 
actually requires output power of only one watt; RCA«s specification 
(Reference 1, page 3- 17) calls for a 100 watt transmitter. Not only Is 
the transmitter far more expensive than needed, but the electric power 
required from the village supply will be much more. 

The Preamplifier that is suitable for this service can have a noise 
temperature of 5£0°K; RCA»s specification calls for a more sensitive 
Preamplifier with a |mfller noise temperature of 300**K (Reference 1, page 3. 
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This specification is not only more stringent, but it does not correspond 
to a standard component. Inexpensive transistor amplifiers are avnilablo 
in the 520^ range. Very expensive parametric amplifiers are availnblo 
at lOO^K or better. But none exist in between. 

The FCC^s concern with satellite interference with this antenna is 
discussed below (Section b) . In addition, the FCC specification provides 
for protection of nearby ground systems. To meet this specification 
would add about 30^ of the antenna cost (Attachment XI. 5). The FCC allows 
for local coordination in lieu of meeting the specification, but RCA 
requires this antenna protection (and the extra cost) even though there 
are no systems in the vicinity of the small stations to be interferred 
with. 

The parameters discussed above are the key ones that determine the 
station cost. RCA specifications are not discrepant by small amounts 
that can cause small cost differences but are discrepant by very large 
amounts on all station components. A station bid to the RCA specifications 
will cost two or three times as much as the lowest cost alternative. 

(b) Antenna Interference 

There has been a question from the start whether the Federal Communi- 
cations Commission would allow satellite stations with 10 ft. antennas. 
It was originally thought that the FCC would require antennas 30 ft. or 
greater. If this were done, it would virtually preclude satellites from, 
being used for Alaskan rural communications; such antennas would add 
well over $100^000 to the station cost, putting them economically out of 
reach of small villages. 
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The FCC's concern Is that signals transmitted to one satellite in 
synchronous orbit may Interfere with another satellite nearby. Stanford 
and others (FCC 73-31^^, Docket No. 192*95) urged that the FCC provide 
protection by Specifying the electrical characteristics of the antenna 
rather than by an arbitrary limitation of antenna size. This would 
allow antenna manufacturers to satisfy the FCCts concerns with properly 
designed low-cost antennas. The FCC accepted this approach and adopted 
the performance pattern shown in Fig. B. 
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The 10 ft. antenna demonstrated at Point Reyes met the FCC specifi- 
cation for protection of adjacent satellites (Attachment XI. 5) and this was 
demonstrated as part of the test program. 

The low-cost stations, while meeting Alaska's communications needs, 
would also introduce vigorous (and not very welcome) competition to the 
communications industry. It is, therefore, extremely important that the 
stations meet the FCC specifications and avoid any excuse for a protest 
on technical grounds. 

The request for proposals (Reference 1, page 3-12), in the first 
sentence requires the FCC specif ication to be met; but in the next 
sentence, allows a performance that clearly violates the FCC regulation 
by about I4 dB (See Fig. B) . 

The way the station is specified greatly increases the chances that 
it would be challenged and perhaps turned down for non-conformance to 
the FCC regulations. 

(C) Satellite Time Delay 

Communications satellites are located about 22,000 miles above the 
equator. Radio signals make the trip up to the satellite and back in 
about 1/3 second. The time for a comment to travel from the caller 
through the satellite to the listener and the response to travel back 
through the satellite to the caller is twice as long, about 2/3 second. 
This 2/3 second response delay is noticeably on satellite calls to the 
lower U3 states, but is quickly adapted to in normal conversations. 

Because the RCA small stations are specified to communicate only 
through the large Lena Point or Talkeetna earth stations (Reference 1, 
page 1-3), a call from one small earth station to another Small earth 
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station must travel through the satellite twice. A comment travels from 
the caller through the satellite to Talkeetna, back out through the 
satellite again to the listener, and the response similarly goes twice 
through the satellite on its way back to the caller. The response delay 
is about 1 l/k seconds. 

This long delay is much more noticeable and bothersome to conversa- 
tions, (The delay is about half as long as the delay encountered by the 
astronauts when they were on the moon,) The delay is sufficiently dis- 
turbing that AT&T will not accept phone calls with two satellite hops; 
thus, if Bethel communicates to Lena Point via satellites, calls to the 
lower hS states have to be routed via land lines to avoid a second satel- 
lite link. 

Most of the communications needed by the Alaska Area Native Health 
Service would *^ave to nave two hops under such a system. For this reason 
the optimum station demonstrated at Point Reyes was designed to communi- 
cate with another of the same size (Attachment XI .5) avoiding the double 
hop. This requires a transmitter of 30 watts rather than the one watt 
to transmit to the large stations (Section A), This 30 watt transmitter 
is still far less expensive than the 100 watt transmitter RCA specified. 

Thus two hop service is not acceptable -to communicators and it is 
possible to avoid it with proper system design. 

(D) Microwave Hazard 

Microwave radiation is obviously a very sensitive area that should 
be treated with care. The concern is that the microwave energy trans- 
mitted from the antenna may have power levels high enough to constitute 
a health hazard* 
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The radiation limit set by the Occupational Snfoty and Health Act 
of 1970 Is 10 mw/cm^. Calculations Indicate that with a normal antenna 
and a 50 watt transmitter this level is exceeded only in an area within 
the antenna volume near the feed (See Fig. C-a), This area is easy 
enough to protect people from simply by using the antenna structure to 
prevent easy access. 

However, RCA neglects to consider that with the Cassegrain antenna 
type they have allowed in their request for proposals, there is a danger 
zone in front of the antenna. This is where energy from the Feed Horn 
spills around the Sub-Reflector (See Pig. c-a). it is hard to protect 
people from this radiation since it extends in front of the antenna 
structure for about 10 ft. and is near the ground. This presents another 
point on which the FCC could reject the application. 

The problem is readily rectified by using the alternative antenna 
type (Newtonian) as was used in the Point Reyes station. With this de- 
sign the energy is directed initially back toward the antenna and the 
high radiation is all within the antenna volume (Fig. C-b) . In this 
figure, the danger zone is shown for a 50 watt transmitter and for 
30 watts as required in the optimum configuration. Figure C-d shows 
the area for 5 watts, which is the amount required for 5 circuits in the 
^"*"^^> if RCA's s atellite carries the proper transponder gain (See 
Section E). 

The serious long-range worry is that RCA will not modify their 
satellite transponder gain. In this event, future expansion of the 
system with multiple chamiels and with direct coiranuni cat ions between 




b. Hazardous area with 30 and 50 watts and Newtonian Feed« 




Hazardous area with over 180 watts. 





d. Hazardous area with 5 watts and Newtonian Feed. 
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small stations will require far more power than the 50 watts of RCA's 
present propospJs, It will require at leaet I50 watts if^ they>cho3e the 
optimum modulation, 75O if they use the Delta Modulation system. To 
generate this power, with the inefficiencies of multi-channel transmitters, 
will require transmitters capable of 6OO to 3,000 watts. 

The RCA request for quotations specifies 100 watts (Reference 1, 
page 3-17). RCA also requires that the equipment be easily upgraded to 
300 watts (Reference 1, page 3-22). And the antenna is required to be 
usable to a power of 3,000 watts (Reference 1, page 12). 

A power level of only l30 watts creates a hazardous microwave 
radiation level in the near field of the antenna (see Fig. C-c). 
Because, for Alaska, the satellite is very low in the sky, this beam 
shines almost directly towards the horizon. To protect people from 
this hazard, the antenna would have to be mounted on a tower or hi 11^ 
incurring significant additional expense. RCA makes no mention of such 
precautions in their documonts . 

If the satellite transponder gain Is set properly (Section e), the 
transmitter level required would be only 5 watts and the hazardous 
area would be restricted to a small area within the antenna (Fig. C-d) . 

(e) RCA Satellite Transponder Gain 

The satellite transponder gain determines what strength signal 
from the ground is needed to get tbfi desired power out of the satellite. 
The best setting for the transponder gain Is heavily dependent on the 
size of the ground stations using the satellite. The Anik* satellite has 
been set optimally for communication between large ground stations 
suitable for trunk lines between major cities. Similarly, RCA»s present 
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satellite design calls for a transponder gain setting appropriate for 

I 

communication between S^n, Francisco and fk:w York oi* between Isuch cltioK 
and Alaska. 

The importance of the correct value of transponder gain in satellite 
systems design is illustrated by the two sets of link calculations 
shown, below^ The set on the left is based on the current Ariik satellite 
transponder gain of IIU.9 dB/dB/m^. Notice that for this gain the 
up-link CAT is 23*9 dB ''cleaner" than the down-link CAT (l*e,, the 
dovm-link is almost 25© times noisier than the up-link)» 

There is, obviously, no need for such a clean up-link, especially 
since it has to come at the expense of a much larger than optimal up-link 
power requirement and would not be needed with a proper setting of the 
transponder gain, (it may be helpful in considering this unbalance in 
CAT to remember that when combining two CAT ratios differing by 6 dB, 
the total will be only 1 dB below the smaller of the two.) A dramatic 
reduction in up-link power is possible merely by increasing the gain of 
the transponder. In terms of baseband noise contributions, an increase 
in the transponder gain would permit a large increase in the noise con- 
tributed by the up-link and require a very slight decrease in that con- 
tributed by the down-link, thus narrowing the difference between up-link 
and down-link C/kT. 

For the sake of illustration, the set of link calculations on the 

p 

right assumes a new value of transponder gain equal to 133 dB/dB/m . 
The same overall C/kT is achieved, yet the up-link power per channel has 
been cut frc«n 30 watts to less than 0#6 watts, 
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LINK PARAMETERS 



Up-Link Frequency 

Path Length to Satellite 

Down^-Link Frequency 

Satellite G/T On Axis 

Satellite Intermod Relative to EIRP 



Transmitter Power 
Station Antenna Diameter 
Transmit Gain 
Transmit Line Loss 
Flux at Satellite 
CAT Up 

Satellite Transponder Gain 
EIRP fron Satellite 
Receive Line Loss 

Preamplifier Noise (TDA, U.5 dB NF) 
System Noise Temperature 
Receive Gain 
Receive G/T 
C/kT Down 
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LINK CALCULATIONS 



Since Anik is already in orbit, the penalty on the ground stations 
must be accepted in the first phase. The 30 watt transmitter (lU.9 da) 
in the ground station is what is needed for small station-to-small-station 
communications. With the proper gain in RCA^s satellite, less than one 
watt (-2«3 <JB) would be adequate. 

Looking to the future, additional circuits are anticipated in tho 
small ground stations. If 5 circuits are needed, a 600 watt transmitter 
would be required with the present RCA satellite design. (This increase 
accounts for reduction in efficiency when several circuits are run 
through the same transmitter.) This would make a major impact on the 
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station cost and demand on local electric power. If RCA elects to use 
the less efficient Delta Modulation channel equipment, 5. channels would 
require a 3,000 watt transmitter, a very sophisticated and expensive 
system to put into a small village. 

The satellite transponder gain can be set to greatly reduce this 
problem. With the proper setting, 5 channels can easily be transmitted 
through the 30 watt transmitter. 

The RCA satellite will carry 2k transponders, all currently planned 
to be set for big city cotranunications . If the satellite is to serve 
Alaska, it would seem appropriate to have at least one or two of the 
transponders set to meet Alaskans rural communications needs. 



A-277 



Reference 



RCA Alaska Communication > Inc. , Reques t for Proposal for 
the Design and Manufacture of Small Aperture Earth Stations » 
July, 1974. 



